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DESCRIPTION OF THE WAYNESBURG QUADRANGLE.

INTRODUCTION.

LOCATION AND AREA.

The Waynesburg quadrangle is located in the
southwestern part of Pennsylvania, as will be seen
by reference to the key map on the cover of the folio.
It extends from latitude 39° 45’ on the south to 40°
on the north, and from longitude 80° on the east to
80° 15" on the west. It includes, therefore, one-
sixteenth of a square degree of the earth’s surface,
and has an area of 229.2 square miles.

The quadrangle is largely in Greene County, but
it extends into the southern part of Washington
County, and includes a small portion of Fayette
County on the east side of Monongahela River.
It extends to within 2 miles of the north line of
West Virginia and 15 miles of the east line of
Ohio. It is named from the largest town within
its borders, the county seat of Greene County.

RELATION TO APPALACHIAN PROVINCE.

In its physiographic and geologic relations this
quadrangle forms a part of the Appalachian prov-
ince, which extends from the Atlantic Coastal Plain
on the east to the Mississippi lowlands on the west,
and from central Alabama to Canada.

Appalachian province.—With respect to topog-
raphy and the attitude of the rocks, the Appa-
lachian province may be divided into two nearly
equal parts by an eastward-facing escar pment called
the Allegheny Front. From Pennsylvania to’Ala-
bama this separates the Allegheny Plateaus on the
west from the Greater Appalachian Valley on the
east. It is not a well-developed feature along the
whole line, but is especially prominent in parts of
Pennsylvania and Tennessee (see fig. 1).
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F[G. 1.-_—Diagram of northern portion of the Appalachian
province, showing physiographic divisions,

The general topographic features of the northern
part of the province are well illustrated by fig. 6
(illustration sheet). Kast of the Allegheny Front
the topography consists of alternating ridges and
valleys, designated the Greater Appalachian Val-
ley, and of a slightly dissected upland like the
Piedmont Plain of eastern North Carolina and
Virginia. West of the Allegheny Front are more

- or less elevated plateaus broken by a few ridges

where minor folds have affected the rocks, and
greatly dissected by streams. In contradistine-
tion to the lowlands of the Mississippi Valley
still farther west and the regularly alternating
ridges and valleys of the Appalachian Valley,
this part of the province has been called by
Powell the Allegheny Plateaus. The Waynes-
burg quadrangle is within the western portlon of
the Allegheny Plateaus.

The Allegheny Plateaus are characterized by
distinet types of geologic structure, surface fea-
tures, and drainage arrangements. In order to
present a clear idea of the physiography and
geology of the quadrangle and its relations to the
surrounding country, a description of the princi-

pal features of the larger province'is given below.-

ALLEGHENY PLATEATUS.

GEOGRAPHY OF THE PLATEATUS.

Drainage.—The drainage of the Allegheny Pla-
teaus is almost entirely into Mississippi River, but
the northeastern end of the regtlon drains in part
into the Great Lakes and in part through the
Susquehanna, Delaware, and Hudson into the
Atlantic.

By Ralph

W. Stone.

“In the northern part of the province the arrange-
ment of the drainage was largely determined by
conditions during the Glacial epoch. Before that
time it is supposed that all of the streams north
of central Kentucky flowed to the northwest, and
discharged their waters through the St. Lawrence
system. The eneroachment of the great ice sheet
closed this northern outlet, and new drainage lines
were established along the present courses of the
streams.

Surface relief —As the name Allegheny Plateaus
implies the surface of this division of the province
is composed of a number of plateaus. The highest
and most extensive platean lies along the southeast-
ern margin of the division, and extends throughout
its length. It is very old, and consequently is so
greatly dissected that its plateau character is not
always apparent. Its surface rises from beneath
the Cretaceous cover in central Alabama at a height
of 500 feet above sea level. From this altitude it

‘ascends to 1700 feet at Chattanooga, 2400 feet at

Cumberland Gap, 3500 feet at New River, and
probably reaches 4000 feet at its culminating point
in central West Virginia. From this point it
descends to about 2800 feet on the southern line
of Pennsylvania and 2300 to 2400 feet in the cen-
tral part of the State. The plateau is widely devel-
oped’in the northern counties of Pennsylvania and
throughout southern New York, and ranges in alti-
tude from 2000 to 2400 feet.

This surface is best preserved in Alabama and
Tennessee, where it constitutes the Cuinberland
Plateau. North of Tennessee it doubtless was once
well developed, but now is difficult to identify. In
northern West Virginia and northern Pennsylvania
there are a few remnants of high, level land which
appear to be parts of the original surface of this
plateau, but it is generally so dissected that only
the hilltops mark its former position. In Penn-
sylvania the remnants of this plateau, which is ten-
tatively correlated with the Cumberland Plateau,
are known as the Schooley peneplain.

Throughout most of the province there are knobs
and ridges which rise to a greater height than the
surface of the plateau, but generally they may be
distinguished by the fact that they stand above the
general level of the surrounding hills.

The surface of the hlgh Cumberland Plateau
slopes to the west, but it is usually separated from
the next lower or Highland Plateau by a generally
westward-facing escarpment. This escarpment is
most pronounced in Tennessee, where it has a
height of 1000 feet. Toward the north the height
of the escarpment diminishes to 500 feet. In'cen-
tral Kentucky and north of Ohio River it is so
indistinetly developed that it has not been recog-
nized. In southern Pennsylvania it becomes more
pronounced where the hard rocks of Chestnut
Ridge rise abruptly above the plain formed on
the soft rocks of the Monongahela Valley, but the
surface of the uppermost plateau is so greatly dis-
sected that it can be recognized only with diffi-
culty. Toward the central part of the State the
plateau surfaces that are usually separated by this
escarpment seem to approach each other and the
escarpment is lost in a maze of irregular hills which
represent all that remains of the higher plateau.

The Highland Plateau is well developed as a
distinet feature in Tennessee and Kentucky. In
the latter State it is known as the Lexington Plain.
It slopes to the west, but along its eastern margin
it holds throughout these States a constant altitude
of 1000 feet above sea level. In the territory north
of Ohio River this plateau is developed on harder
rocks’ than in Kentucky and Tennessee, and the
result is that the surface is less regular and its exact
position is more difficult to determine. It appears
to rise from an altitude of 700 or 800 feet in Indi-
ana to 1000 feet in Ohio, 1200 to 1300 feet in
southwestern Pennsylvania, and probably about
2000 feet throughout the northern part of the
State and the southern part of New York. A
plateau which is recognized in Pennsylvania and
known as the Harrisburg peneplain is correlated
tentatively with the Highland Plateau or Lexington
Plain.

The surface features of this plateau are variable,
but there is not so much diversity as in the higher
plateau. In Kentucky and Tennessee it is pre-
served in large areas as a nearly featureless plain,
but in other States it was less perfectly developed,
and has suffered greatly from dissection since it
was elevated.

West of the Highland Plateau there is a third
plain which is developed in the Central Basin of
Tennessee and in the western parts of Kentucky
and Indiana.

GEOLOGY OF THE PLATEAUS,

Geologic structure—The structure of the Alle-
gheny Plateaus is simple. The strata lie nearly
flat, and their regularity is broken only by small
faults and low, broad folds. The most pronounced
fold is a low, broad arch known as the Cincinnati
anticline. The main axis of this fold enters the
Allegheny Plateaus from the direction of Chicago,
but a minor fold from the western end of Lake
Erie joins the major axis near Cincinnati. From
this point the axis of the anticline passes due south
to Lexington, Ky., and there curves to the south-
west parallel with the Appalachian Valley as far
as Nashville, Tenn. This anticline reaches its
maximum development in the vicinity of Lex-
ington, where the Trenton limestone is exposed
at an altitude of 1000 feet above sea level. In
Tennessee it swells out into a dome-like struc-
ture, which is exposed in’ the topographle basin
of central Tennessee.

The Cincinnati anticline d1v1des the Allegheny
Plateaus into two structural basins, which are best
known from the coal fields which they contain.
The western basin extends far beyond the limits of
the province, and contains the Eastern Interior coal
field of Illinois, Indiana, and Kentucky. The
eastern basin lies entirely within the limits of the
Allegheny Plateaus, and includes the Appalachian
coal field. The Waynesburg quadrangle is situ-
ated entirely within the Appalachian coal field,

#ind hence a somewhat detailed description of this

field is necessary in order to present a clear idea
of the geologic features of the quadrangle.

Structure of Appalachian coal field.—The geo-
logic structure of the Appalachian coal field is very
simple, consisting, in a general way, of a broad,
flat, canoe-shaped trough. This is particularly
true of the northern extremity. The deepest
part ‘of this trough lies along a line extending
southwest from Pittsburg across West Virginia to
Huntington, on Ohio River. Toward this line
the rocks dip from both sides of the trough.
About the canoe-shaped mnorthern end the rocks
outcrop in a rudely semicircular line and at all
points dip toward the lowest part of the trough.
In Pennsylvania the deepest part of the trough
is situated in the southwest corner of the State, and
the inclination of the rocks is generally toward that
point.

The regularity of the dip near the southeastern
margin of the trough is interrupted in Pennsyl-
vania and West Virginia by parallel folds, which
in many cases give rise to anticlinal ridges and syn-
clinal valleys. These undulations are similar to
the great folds east of the Allegheny Front, except
that they are developed on a very much smaller
scale and have not been broken by faults, as have
many of the great folds farther east. These minor
folds are a constant feature along the southeastern
margin of the basin from central West Virginia
to southern New York. They make the detailed
structure somewhat complicated and break up the
regular westward dip, so that at first sight the
structure is not apparent. Close examination,
however, shows that west of the Allegheny Front
each succeeding trough and each successive arch
is lower than the one on the east, until the rocks
which are over 2000 feet above sea at the Alle-
gheny Front extend below sea level in the central
part of the basin. Across the northern extremity
of the basin the minor folds are developed in large
numbers and extend at least halfway across Penn-
sylvania near its northern boundary. In the
southern part of the State there are only six pro-

nounced anticlines, two of these disappearing near
the West Virginia line. Farther south the num-
ber is less, until on Kanawha River the regular

westward dip is interrupted by only one or two .-

folds of small proportions.
STRATIGRAPHY.

The rocks which are exposed at the surface in
the Allegheny Plateaus belong entirely to the
Carboniferous system. They include the Pocono,
Mauch Chunk, Pottsville, Allegheny, Conemaugh,
and Monongahela formations and the Dunkard
group. These will be described in the order of
their age, beginning with the lowest.

Pocono formation.—In this province the Pocono
formation forms the basal division of the Carbonif-
erous system. Its name is derived from the Pocono
Mountains, in the eastern part of Pennsylvania,
where the formation consists largely of sandstone
and is over 1000 feet thick. It rests upon the red
rocks of the Catskill formation, the uppermost
member of the Devonian system. Although the
lower limit of the Pocono can not be determined
definitely from well records, it is believed that in
the Waynesburg quadrangle the formation is only
about 300 feet thick. Over a large area in Penn-
sylvania the top is well marked by a calcareous
and sandy stratum, known as the Loyalhanna
(Siliceous) limestone. (Charles Butts, Kittanning
folio, No. 115; p. 5.) Where this stratum is
absent the top of the formation is not well defined.
On the eastern margin of the coal field sandstone
predominates. = The Pocono contains, however,
beds of gray sandy shale and occasional beds of
red shale which, though usually thin, may be of
considerable thickness. In southwestern Pennsyl-
vania the formation is generally under cover, but
is penetrated in drilling deep wells for oil and
gas. In the southeastern part of the Appalachian
field, in Virginia and West Virginia, the forma-
tion contains workable beds of coal of limited
extent, and in parts of Pennsylvania it includes
thin worthless beds.

Mauch Chunk formation.—This formation over-
lies the Loyalhanna (Siliceous) limestone i the
Allegheny Front, along Conemaugh River east of
Blairsville, and along Chestnut Ridge in Fayette
County. It takes its name from Mauch Chunk,
in the anthracite coal region, where it is over
2000 feet thick in the deep synclines and where
it is described as being composed largely of red
shale (Second Geol. Survey Pennsylvania, Final
Rept., vol. 3, pt. 1, p. 182). In the Allegheny
Front it is made up of about 150 feet of heavy
grayish to greenish sandstone at the bottom, and
100 feet of soft red shale. It has this character
along the Conemaugh between South Fork and-
Johnstown, but where it is exposed on Chestnut

‘Ridge the sandstone beds are less conspicuous.

The formation here is composed of red shale
overlying the Loyalhanna limestone, the Green-
brier limestone member, which is not known to
occur north of this point, and an upper red shale.
The Greenbrier limestone represents the extreme
edge of the great Mississippian limestone mass of
the Mississippi Valley. In the Waynesburg quad-
rangle the Mauch Chunk is represented by red
shale, sandstone, and a limestone at least 50 feet
thick, the total thickness of the formation varying
from 125 to 250 feet.

Pottsville formation.—This formation derives its
name from Pottsville, in the southern anthracite
region. At the type locality it is 1200 feet thick
and is composed mainly of a coarse heavy con- -
glomerate, which carries in part of the field sev-
eral workable coal seams. In the eastern part of
the bituminous coal field of Pennsylvania the for-
mation consists of two sandstone members separated
in general by a bed of shale, and often includes
several thin coals. The upper sandstone member is
known as the Homewood and the lower as the Con-
noquenessing. In places the shale contains a coal
bed of workable thickness and in some places a
valuable bed of fire clay. A bed of limestone is
also locally developed. The three beds occurring
together in the shale are known as the Mercer
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coal, clay, and limestone, because they are well
developed in Mercer County. Along the western
border of Pennsylvania a third sandstone mem-
ber occurs below the Connoquenessing and is
separated from it by another shale bed which
contains a coal seam that is locally of workable
thickness. The sandstone is called the Sharon
sandstone or conglomerate, and the coal bears
the same name, from their great development at
Sharon, Mercer County. In most parts of the
bituminous coal field of the State the thickness
of the Pottsville formation is probably from 125
to 300 feet.

Allegheny formation.—The Allegheny formation,
which is named from the river along which it out-
crops in typical form, overlies the Pottsville. It
is rather more variable in character than the lower
formations of the Carboniferous. It is especially
distinguished by the fact that in the bituminous
coal field it contains a greater number of workable
seams than any of the lower formations. On that
account it was called by the older writers the Lower
Productive measures. In addition to its coal seams,
it bears valuable beds of fire clay, limestone, and
iron -ore. These are separated by strata of sand-
stone and shale. Nearly all the coal mined in the
State north of Pittsburg and east of Connellsville
and Blairsville is taken from this formation. The
clay and shale beds of the formation form the basis
of important industries in several localities.

Conemaugh formation.—The name Conemaugh,

taken from the river along which the rocks outcrop,
is applied to the formation which was formerly
known as the Lower Barren measures on account
of its stratigraphic position and the absence in it of
workable coals. In some parts of Pennsylvania
workable coals of limited extent do occur, however,
and sometimes they are accompanied by thin lime-

stones. The great mass of the formation is com-

posed, however, of a succession of shale, mostly
sandy, and sandstone strata. A large part of the
shale, perhaps the greater part, is sandy. The sand-
stone strata are variable in thickness and occur-
rence. In some regions there may be scarcely any
sandstone from the bottom to the top of the for-
mation. In such cases the formation is composed

almost wholly of shale without any distinctive and

traceable beds whatever. The total thickness of the
formation varies from 600 to 700 feet.
Monongahela  formation. — This formation is
named from the river along which it is typically
exposed. It overlies the Conemaugh formation in
the southwestern part of the State, and extends

_ from the bottom of the Pittsburg coal below to the

top of the Waynesburg coal above. Its thickness
varies from 310 to 400 feet. It contains several
workable coal beds, of which the Pittsburg is by
far the most valuable and best known. It is much
less sandy and shaly than any of the other Car-
boniferous formations, but contains, on the other
hand, far more limestone, which constitutes more
than one-third of its thickness. The formation
underlies an oval-shaped area that extends from
Pittsburg, Pa., to the vicinity of Huntington, W.
Va., and includes considerable portions of Ohio and
West Virginia adjacent to Ohio River.

Dunkard group.—This group of rocks was for-
merly known as the Upper Barren measures and
later as the Dunkard formation. It lies above the
Monongahela formation and includes the highest
rocks of the Carboniferous system found in this
area. It has a thickness in the southwest corner
of Pennsylvania of about 1100 feet, and consists
mainly of shale and sandstone, though it contains
beds of coal and limestone. Some of the coals are
locally workable, but they are generally worthless.
In this quadrangle the group may be divided into
two formations, the Washington formation and
the Greene formation. In the Washington are
included the rocks between the Waynesburg coal
and the Upper Washington limestone, and in the
Greene all higher rocks. It is doubtful whether
the divisions can be carried beyond the boundaries
of Pennsylvania, so that in Ohio and West Vir-
ginia these rocks will probably be known simply
as the Dunkard formation.. They occupy an
area in southwestern Pennsylvania and along
Ohio River in West Virginia and Ohio similar
in shape to that of the Monongahela formation,
but of less extent.

TOPOGRAPHY OF THE QUADRANGLE.
' ' GENERAL RELATIONS.

There are a few hilltops and small flat areas in
the northeast. corner of the quadrangle close to
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Monongahela River which have an altitude of
between 1200 and 1300 feet. These are thought
to be remnants of an old peneplain surface which
is found on Monongahela River at an elevation
of about 1250 feet above tide in the Masontown,
Brownsville, and Connellsville quadrangles and
on both sides of Ohio River from Beaver, Pa.,
to Wheeling, W. Va. This dissected plateaun is
known as the Harrisburg peneplain, and as men-
tioned above is correlated tentatively with the
Highland Plateau which occurs farther south.
Elsewhere in the quadrangle, however, traces of
this peneplain are lacking, for the reduction of
the hills to this general level did not take place.
Elevations of 1500 feet are common. It may be
suggested that this area was not reduced because
the cycle of erosion which brought so much of the
country to a common level did not continue long
enough to reduce all the more distant interstream
areas. '

The geologic age of the peneplain has not been
definitely determined, but observations made in
other parts of the province indicate that it was
produced in early Tertiary time, probably during
the Eocene epoch.

DRAINAGE.

Monongahela River is the largest stream in the
Waynesburg quadrangle. . About 2 miles of its
course are included within the boundaries. Under
ordinary conditions the river would not be navi-
gable, but by means of a series of locks and dams
the depth of water has been increased so that steam-
boats ply between Pittsburg and Morgantown, W.
Va. Slack-water navigation is possible to beyond
the West Virginia line at any season of the year,
except when prevented by ice. That portion of
the river between Millsboro and Rices Landing,
which lies within this quadrangle, is a part of Pool
No. 5. The altitude of the surface of the water in
this pool is 746.41 feet above tide. _

The entire drainage of the quadrangle flows into
Monongahela River. - The main streams are Ten-
mile, Muddy, Whiteley, and Dunkard creeks. Ten-
mile Creek carries away the water of fully one-half
of the territory. The South Fork of Tenmile
Creek flows across the quadrangle and joins the
main stream 3 miles from Monongahela River. It
is the longest stream within the area, and its val-
ley contains the largest, villages, and affords the
main line of travel between east and west.

The upper courses of Muddy and Whiteley creeks
drain the east-central part of the quadrangle. The
area drained by Muddy Creek is largely in Jeffer-
son and Cumberland townships. The catchment
basin of Whiteley Creek is much larger than that
of Muddy Creek and extends west as far as the
high ridge which forms the boundary between
‘Whiteley Township on the east and Wayne and
Center townships on the west.

Dunkard Creek flows through the southern por-
tion of the quadrangle for a short distance, and
receives the south-flowing waters of Dunkard,
Perry, and Wayne townships. .

As the surface has been cleared of a large amount

of its original covering of timber, and the slopes
generally are steep, all the streams are subject to

floods and at such times carry a large quantity of
water. Crops growing on flood plains are in dan-
ger of being damaged or completely destroyed by
high water. These high stages appear quickly, but
are of short duration.

A noticeable feature of the drainage of this quad-
rangle is that besides flowing east, all of the main
streams have longer tributaries on the north than
on the south. In other words, the streams do not
lie midway between the divides, but crowd the south
side of the drainage basins. In the basin of Ruff
Creek, for instance, Boyd and Craynes runs head
at the divide 4 miles away and flow in almost
straight courses to the creek, while on the south
side the laterals. are scarcely more than a mile
long. This same relation is very pronounced in
the valley of Whiteley Creek, where, in the east-
ern part of Whiteley Township, the divide on
the north is distant from the creek 4} miles, and
that on the south 1} miles. This characteristic is
less conspicuous in the South Fork of Tenmile
Creek, about Waynesburg, where the long, straight
course of Smith Creek, flowing from the south, is
an exception.

No adequate explanation of this lack of symmetry
in the drainage basins has yet been found. This
unsymmetrical arrangement occurs in several coun-
ties in southwestern Pennsylvania. It can not be
ascribed to present structure of the rocks, because

it disregards anticlines and synclines alike. South
Fork of Tenmile Creek passes from the Waynes-
burg syncline across the axis of the Bellevernon
anticline, and then, swinging to the northeast,
recrosses the same axis twice in the vicinity of
Clarksville. Whiteley Creek has its source near
the crest of the Bellevernon anticline, crosses the
Whiteley syncline, and meets the flank of the
next anticline on the east at a right angle. Like-
wise, Dunkard Creek, in its course along the State

line 2 miles south of the southern boundary of

this quadrangle, passes across several minor struc-
tural axes. Furthermore, its position does not
seem to be due to the composition of the rocks.
So far as the character of the rocks is concerned
the tributaries on both sides of the streams should
be of equal length.

' SURFACE RELIEF.

The surface of this quadrangle is decidedly hilly
in all parts. The highest altitudes are along the
northern, western, and southern boundaries, from
which there is a slope toward Monongahela River
in the northeast corner. By reference to the topo-
graphic map it will be seen that the elevations vary
from 750 feet on the river to 1620 feet in the west-
ern part of Perry Township. Fifty hilltops reach
an altitude of 1500 feet or more, while the flood
plains of the main streams are less than 1025 feet
above tide. Morgan and Jefferson townships, by
reason of their proximity to Monongahela River,
have the lowest average altitude; Morris, Wayne,
and Perry have the highest.

The most striking topographic features in the
Waynesburg quadrangle are the flat upland areas
in the northeast corner and the broad floors of
Ruff, Muddy, and Whiteley creeks. The level
plain at Racine, the flat-topped ridge east of Black
Dog Hollow, and the flat hilltops along Monon-
gahela River are all at about the same elevation,
which is from 1120 to 1140 feet above tide. A
striking agreement in altitude is afforded by the
divide at the head of Bush Run and also by
spurs in the eastern part of Morgan Township.
Along Monongahela River in the Masontown and
Brownsville quadrangles, this level is represented
by a great many spurs and principal divides. It
seems probable that these points which have so
near the same altitude mark approximately a base-
level of erosion. o .

From the extended development of the above-
described features it seems highly probable that
after the general reduction of the surface of this
region to the Tertiary level recognized at an alti-
tude of about 1250 feet the land was elevated nearly
150 feet and again remained stationary, allowing
the streams to reach a very low grade and to reduce
many of the divides at their headwaters nearly
to the altitude of the principal valleys. Under
favorable conditions the valleys of the principal
streams were reduced to comparatively flat sur-
faces. They had a width of frem 2 to 3 miles and
were bordered by gentle slopes leading by easy
stages to the residual uplands farther back.

Below the 1120-foot level just described the
streams cut rather steep slopes for 150 to 200
feet. Though these slopes are steep compared
with those above 1120 feet, they are not so steep
as those bordering the modern streams. In the

‘smaller valleys the bottom of the intermediate

slope is not clearly defined, but along Mononga-
hela River the line. is marked by a series of rock
shelves and abandoned valleys. For a description
of these reference should be made to folios Nos. 82
and 94. Two of these rock shelves are seen in
this quadrangle on either side of the mouth of
Tenmile Creek at an elevation of about 950 feet.
Before the streams had cut down to the 950-foot
level there was an interval of no movement when
South Fork of Tenmile Creek seems to have turned
to the east near Jefferson, and to have joined the
Monongahela at Rices Landing. These conditions
lasted long enough for the stream to cut a wide
valley with a broad, flat floor, which is now rep-
resented by the level area between Rices Landing
and Jefferson. This area is covered with stream-
deposited material. It is possible that the broad,
gently sloping fields between the mouth of Ruff
Creek and Browns Run are a part of this same
floor. They are underlain by heavy Waynesburg
sandstone, but no river deposits were found on the
surface. ‘ _

The long level stretch on which Jefferson is
built is underlain by Waynesburg sandstone, but
probably it owes much of its character to terrace

cutting and deposition of clay and sand on the’

rock floor. A series of rock shelves or terraces at
an elevation of 950 to 980 feet above tide, denot-
ing a later substage in erosion, extends up South
Fork of Tenmile Creek to the western border of
the quadrangle. The broad valley floors of Ruff,
Muddy, and Whiteley creeks are due probably to
ponding of the streams and filling of the channels
with silt. This subject is discussed under the
heading “Carmichaels formation.”

Streams reach all parts of the territory, the rain-
fall is carried off quickly, and erosion is going on
rapidly because of the great extent of moderately
steep slopes. The main streams have cut down
so far that further deepening is slow. Stream
valleys in general are narrow, but the divides
are not flat topped. The topography is in a
state of maturity.

RELATION OF TOPOGRAPHY TO MAN’S ACTIVITIES.

The earliest settlements in this region were nat-
urally in the valleys of main streams. Their sites
were determined by available water power or the
presence of level ground wide enough to accommo-
date a village. Flood plains offered the most acces-
sible and promising land for cultivation. Even
now all post-offices, with two exceptions (Castile
and Gump), are in valley bottoms. Settlement
advanced along the main creeks and up the trib-
utaries, later extending along the tops of the ridges.
The presence of a workable coal seam may have
been a factor in the growth of Jefferson, Whiteley,
and Davistown, and had its effect on Waynesburg
and Clarksville. _

As the stream valleys are narrow, the slopes
steep, and the hill tops have no extensive levels,
the areas of land positively desirable for cultiva-
tion are small. ,

The valley bottoms and lower slopes and the
gently rounded uplands are cultivated, while the
intervening steeper slopes are used for pasturage.
The nature of the soil, the abundance of running

water and springs, and the evenness of the climate

fit this country admirably for the raising of cattle,
sheep, and poultry, and the production of butter
and cheese. For many years the principal and
most profitable employment in this region was that
of sheep raising, and the wool had a national repu-
tation. - During the last twenty years, however,
the industry has fallen off and is now but a small
fraction of its former proportions.

DESCRIPTIVE GEOLOGY.
STRUCTURE.

Y

The rocks of the Waynesburg quadrangle are bent
into a number of parallel wrinkles or folds which
have a northeast-southwest trend. In describing
these folds the upward-bending arch is called an
anticline and the downward bending trough is
ealled a syncline. The axis of a fold is that line
which at every point occupies the highest part of
the anticline or the lowest part of the syncline,
and from which the strata dip in an anticline and
toward which they dip in a syncline.

METHOD OF REPRESENTING STRUCTURE.

There are in current use two methods of repre-
senting geologic structure. The first is by means
of cross sections which show the various strata as
they would appear if cut across by deep ditches.
This method is effective only where the dip of the
rocks is perceptible to the eye. In the Waynes-
burg quadrangle the rocks lie so nearly horizontal
that the slight anticlines and synclines would not
be apparent on such sections; besides, the sections
illustrate the structure only along certain particu-
lar lines and do not give the shape of the arches
and basins, which are of the greatest importance in
the commercial development of the field, as regards
both the mining of coal and the exploitation of oil
and gas.

A second method of representing structure has
been used in the folios in which the bituminous
coal field of western Pennsylvania is described. It
consists in the representation, by means of contour
lines, of the position of some particular stratum
which is known through its wide exposure in out-
crop, -its exploitation by mines, its relation to some
other bed above it, or its use as a key stratum by
the drillers for oil or gas. These contour lines
show the form and size of the folds into which the
stratum selected has been thrown and its altitude
above sea level at practically all points.

In this quadrangle the Pittsburg coal bed is the
best known stratum and is the one used by the
drillers as a key rock in determining the position



of the oil- and gas-bearing sands. This great bed |

lies far below the surface of the greater part of the
quadrangle, but in the northeast corner it is exposed
for a short distance along Tenmile Creek. The
floor of the coal has been selected as the surface
by which to represent the geologic structure of the
quadrangle.

Where the Pittsburg coal shows in natural out-
crop its altitude has been determined at a number
of points. Where it occurs. below the surface its
existence and position are known through the
records of the many gas wells of the region.
After-its altitude has been determined at a great

many places, points of equal altitude are con-

nected by contour lines; for example, all points
having an altitude of 500 feet above sea level are
connected by a line, which then becomes the 500-
foot contour. Similarly, all points having an
altitude of 550 feet are connected by the 550-foot
contour line, and in like manner contour lines are
drawn representing vertical distances of 50 feet
throughout the area mapped. These lines are
printed on the structure and economic geology
map, and show, first, the horizontal contours ot
the troughs and arches; second, the dip of the
beds; and third, the approximate height of the
Pittsburg coal above sea level.

The depth of the reference stratum below the
surface at any point is obtained by subtracting
its elevation, as shown by the structure contour
lines from the elevation of the surface at the same
point.  Suppose, for instance, the position of the
Pittsburg coal is desired at the mill a half mile
west of Waynesburg. It will be seen by the map
that the elevation of the surface at this point is
950 feet, and that the mill is halfway between the
850- and 400-foot structure contour lines. The
Pittsburg coal, therefore, is here about 950 minus
375 feet, or about 575 feet, below the surface.

As a rule these structure contours are gener-
alized, and are only approximately correct. They
are liable to error from several conditions. Being
estimated on the assumption that over small areas
the rocks maintain a uniform thickness, the posi-

“tion of. a contour will be out by the amount by

which the actual thickness varies from the calcu-
lated thickness. It is well known that in some
places the interval between two easily determined
strata. will vary many feet in a short distance.
Such cases make the determination of the position
of the reference stratum difficult when it lies some
hundreds of feet below the surface. In parts of
the bituminous coal regions of Pennsylvania, how-
ever, records obtained in drilling for gas and oil
give the changes in the interval and thus indicate
the structure and the position of the reference
stratum. :

Another cause of error is that, being measured
from the altitude of the observed outcrops, the
position of the contour is uncertain to the degree
that the altitude is approximate; while in many
instances topographic altitudes are determined by
spirit level, in most cases geologic observations are
made with aneroid barometers. The aneroids are
checked as frequently as possible against precise
bench marks, and the instrumental error is prob-
ably slight, though it may be appreciable. Finally
the observations of structure at the surface can be
extended to buried strata only in a general way.
The details probably escape determination. The
errors may accumulate or may compensate one
another, but in any case it is believed that their
sum is probably less than one contour interval;
that is to say, in any part of this quadrangle the
altitude of the reference surface will not vary more
than 50 feet from that indicated. Over much of
the area the possible variation from the altitude
will not be more than 20 feet, and the relative
altitudes for successive contours may be taken as
a very close approximation to the facts.

DETAILED GEOLOGIC STRUCTURE.

The general structural features of the Browns-
ville, Masontown, and Waynesburg quadrangles
are shown in fig. 2. In the Waynesburg quad-
rangle these have the same northeast-southwest
strike that characterizes the whole Appalachian
province. The most pronounced features shown
by contour lines on the structure and economic
geology map are three anticlines and two syn-
clines lying between them. These are described
in the order in which they occur from east to west.

Fayelte anticline—The floor of the Pittsburg
coal, and therefore the rock strata, in the southeast
corner of the quadrangle dip sharply to the west
along Dunkard Creek and in the vicinity of Davis-

‘Waynesburg.

town. This is the western flank of the Fayette
anticline, a fold which is strongly developed across
Fayette and Westmoreland counties. A north-
south course is given to the contours between
Dayvistown and Whiteley by the Brownsville anti-
cline, which cuts off the Lambert syncline and
joins the Fayette anticline 2 miles east of Whiteley
village, near Willow Tree.

~ Whiteley syncline.—This syncline lies between
the Fayette and Bellevernon anticlines, as does
the Port Royal syncline in the Brownsville quad-
rangle. The Port Royal syncline, however, loses
its basin-like character in the vicinity of Fayette
City on Monongahela River, and the axis does not
seem to be continuous with the axis here described.
In order to have a convenient appellation for this
basin the name Whiteley syncline will be used
in this report. It is taken from the township in
which the basin is broadly developed.

Deep weathering of the rocks which form the
surface and absence of traceable beds make a deter-
mination of the slight irregularities in structure
which probably exist almost impossible. In the
area of this syncline between Muddy Creek on
the south boundary of Jefferson Township and
Dunkard Creek on the Pennsylvania~West Vir-
ginia State line, an area of more than 60 square
miles, there are only five deep well borings which
give any light on the depth of the Pittsburg coal
below the surface. Two of these are in Whiteley
Township and the other three in the Blacksville
quadrangle. 'With so meager data there is a possi-
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flank of the syncline between Hobbs and Calvin
runs in Perry Township, as indicated by the depth
of the Pittsburg coal in a gas well on the Hester
Delaney farm on Shannon Run below the mouth
of Hobbs Run.

Bellevernon anticline. — Professor Stevenson
named this axis the Waynesburg anticline in his
report on Greene County published in 1876. The
first detailed work of the present Survey on this

anticline was in the Brownsville quadrangle, which

joins the Waynesburg quadrangle on the northeast.
The axis crosses Monongahela River at Bellever-
non, and the anticline was named from that place,
there being some doubt at the time as to its con-
tinuity with the anticline supposed to exist at
Waynesburg. The survey of this quadrangle has

proved the continuity of the fold, but the anticline:

is so far east of the village of Waynesburg, and
has decreased so much in size in this quadrangle,
that the name Bellevernon seems more appropri-
ate and hence is retained.

The Bellevernon anticline is the most pronounced
and important structural feature in the Waynes-
burg quadrangle. From the northeast corner of the
quadrangle it has a direct southwest course for 14
miles to the head of Dyers Fork. Here it turns
south and crosses the southern boundary of the
quadrangle between Roberts and Rudolph runs.

The crest of the anticline falls gradually from |

Racine to Spraggs, with the exception of a slight
rise where it crosses South Fork of Tenmile Creek.
The fall from the northern to the southern bound-

BROWNSVILLE QUADRANGLE

AMITY QUADRANGLE

THIS QUADRANGLE HAS BEEN SUR-
VEYED, BUT THE GEOLOGIC FOLIO
1S NOT YET COMPLETED.

\
|

/
/

WAYNESBURG QUADRANGLE

MASONTOWN QUADRANGLE

- F16. 2.—Sketch map of Waynesburg, Brownsville, and Masontown quadrangles showing geologic structure by means of
contour lines drawn on the floor of the Pittsburg coal. Contour interval, 50 feet. .
w, Waynesburg; J, Jefferson; wH, Whiteley; MH, Monongahela; B, Brownsville; M, Masontown,

bility of error in the structure contours of this basin.

The shape of the Whiteley syncline, therefore,
is not well determined. It is broad and shallow,
deepening toward the south. The axis of the
trough probably lies about on a line through
Khedive, Fordyce, and Kirby. Near the south-
ern edge of the quadrangle it turns almost due
south and crosses Dunkard Creek near the dam
three-fourths of a mile west of Pentress. The
trough may be more pronounced in West Vir-
ginia, but the indications on Dunkard Creek in
the Blacksville quadrangle are to the contrary.
There seems to be a slight dome on the eastern

ary is about 400 feet. Where the Bellevernon
anticline crosses Monongahela River, near Charle-
roi, the Pittsburg coal is at an elevation of 1000
feet above sea level. Well records from the vicin-
ity of Blacksville on the Pennsylvania—West Vir-
ginia State line show that the same coal is little
more than 400 feet above tide. Probably the
fold disappears soon after entering West Virginia.

The eastern slope of the Bellevernon anticline in
Jefferson Township is short and gentle. From the
crest near the mouth of Braden Run to the bottom
of the syncline at Fordyce or Khedive there is a
fall of scarcely more than 200 feet. From the

crest at the same poiht’ to the axis of the“sy}m‘l‘ine

on the west the Pittsburg coal descends nearly 400

feet. The western flank of the Bellevernon axis is
a regular slope, as is shown by contour lines on the
structure sheet.

The southwestern termination of the Bellevernon
anticline is somewhat obscure. The axis is fairly
well marked as far as Spraggs, in Wayne Town-
ship, but south of this place it has not been detected
even along Dunkard Creek, where the rocks are
well exposed. If the axis were extended in a direct
line from the southern margin of the Waynesburg
quadrangle it would cross the creek a short distance
west of Blacksville, but no fold is apparent at this
place, and the rocks seem to rise gently but stead-
ily down the stream for at least 2 miles above
Blacksville. A short distance east of the village a
low anticline crosses Dunkard Creek, but this does
not seem to be connected in any way with the
Bellevernon axis. It appears more like the north-
ern extremity of a fold which may have some
prominence in West Virginia, but which disap-
pears soon after entering Pennsylvania. Xven at
the State line its development is so slight that it
seems to have no effect upon the structure of the
Waynesburg quadrangle. . .

" Waynesburg syncline. — The structural basin

which lies west of the Bellevernon anticline was

called the Wé'ﬁlééburg synelillé by Professor Stev-

enson. He located the axis somewhat farther east
than the present Survey finds it, but the basin is
essentially the same as that described by him, and
hence the name is retained. The axis falls in line
with and seems to have the same relations as the
Pigeon Creek syncline in the Brownsville quad-
rangle (Brownsville-Connellsville folio, No. 94).
At the time that quadrangle was surveyed it was
recognized that the Pigeon Creek and Waynesburg
synclines might be one and the same, but mine
data in the vicinity of Bentleyville, Washington
County, seemed to indicate cross structure, and so

the basin was given the local name of Pigeon

Creek syncline. On Pigeon Creek the Pittsburg
coal is 700 feet above tide, while on Wisecarver
Run in this quadrangle it is at least 400 feet
lower. Although this fall may be continuous
from one point to the other, it is not known to be
0, and it seems best to use the local term.

The axis of the Waynesburg syncline crosses the
Washington-Greene county line about a mile west

of Castile; it crosses Ruff Creek near the mouth’

of Boyd Run, and Browns Creek at Rees Mill,
2 miles west of Waynesburg. Continuing in a
southwesterly direction, it crosses South Fork of
Tenmile Creek half a mile above the mouth of
Pursley Creek and passes beyond the western
boundary of the quadrangle. C,

In this part of the quadrangle the structure has
been ascertained from the records of several deep
wells which show the position of the Pittsburg
coal and from the elevation of the Upper Wash-
ington limestone. It is possible that the basin is
somewhat deeper than is represented on the struc-
ture' map. The Pittsburg coal was found in a deep
well on the Wisecarver farm (17) on Wisecarver
Run, about 285 feet above sea level, but the evi-
idence was not sufficient to warrant drawing a 300-
foot contour line on the coal.

Amity anticline—From Ruff Creek and Rees
Mill the rocks rise to the west more gradually
than to the east, and a low anticline crosses the
northwest corner of the quadrangle, in Morris

Township, through the Fonner oil field. This

fold was called the Pinhook anticline by White
and Stevenson in their reports (Second Geol. Sur-
vey Pennsylvania, Rept. K, p. 27). The name
was taken from a burlesque appellation of the lit-
tle village in Amwell Township known as Pleasant
Valley or Lone Pine, and for that reason is not
suitable for geologic nomenclature. Furthermore,
their description of the location of this axis in

Greene County does not agree with the accom-

panying map. During the present survey the
axis was traced from the northwest corner of this
quadrangle northward across Tenmile Creek at
Hackneys and close to the village of Amity, in
Washington County. The name Amity seems pre-
ferable and was applied for the first time by the
writer in a brief report entitled “Oil and Gas Fields
of Eastern Greene County, Pa.” (Bull. U. 8. Geol.
Survey No. 225, p. 405). :

According to well records the Pittsburg coal is
about 460 feet above sea level on the crest of the
Amity anticline where it crosses the northern
boundary of this quadrangle. Its elevation is
420 feet at the road forks in the extreme north-



west ¢orner of the quadrangle, and from 400 to
420 feet in the wells on the Dunn farms a half
mile farther north. On the crest of the anticline
at Hackneys, a little over 3 miles due north of
Hope, the elevation of the coal is 495 feet. The
rocks dip to the east, so that the same coal was
found 430 feet above tide in a diamond-drill hole at
Bissell, on Tenmile Creek. For this reason the
450-foot contour line is shown swinging strongly
to the east near Hope, so as to pass close to Ten-
mile village. .

The sketch map, fig. 2, shows the relation of the
geologic structure in the Waynesburg quadrangle
to that in the Brownsville and Masontown quad-
rangles; and the accompanying cross section, fig.
3, drawn normal to the strike of the structure in
Greene and Fayette counties, shows that the anti-
clines and synclines which are such strong features
in so limited an area as one quadrangle are only
small undulations in a greater structural feature,
the Appalachian basin.

AMITY
ANTICLINE
WAY NESBURG
SYNCLINE
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Geeol. Survey, vol. 1, p. 238) red rock is recorded
as extending through an interval of nearly 300
feet. Several well records from Franklin Town-
ship, Greene County, indicate the presence of a
considerable thickness of red beds under this part
of the quadrangle. Red rock is noted in the Fon-
ner field, in Morris Township, 250 feet below the
Pittsburg coal, and also in Amwell, Hopewell, and
Franklin townships, Washington County.
Dunkard oil sand.—According to identifications
by different drillers, the top of the Dunkard oil
sand is from 425 to 575 feet below the Pittsburg
coal. Some drillers find a break in this thick sand-
stone and name the upper and lower divisions the
Little and Big Dunkard. \
The lower 150 feet of the Conemaugh is com-
posed of massive sandstone and sandy shale. This
part of the formation is variable, being recorded
sometimes as a continuous mass of sandstone, and
again as two beds separated by shale. No two
records are exactly alike in this respect. Judging
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ing to the well records its thickness varies from 15
to 175 feet. When the recorded thickness is small
the bed of sand which produced salt water has
been given the name; when it is over 100 feet the
whole Pottsville formation has been called Salt sand
and the Gas sand is either in the Allegheny or
not noted at all. 'When the Gas sand corresponds
with the Homewood sandstone the Salt sand prob-
ably is the Connoquenessing sandstone. - Likewise,
when the (fas sand is not noted and the Salt sand
is only moderately thick the Salt sand is equivalent
to the Connoquenessing sandstone. When the Salt
sand is recorded as being extremely thick, however,
it usually coincides with the whole Pottsville for-

mation and may include the upper part of the
Mauch Chunk.

MAUCH CHUNK FORMATION,

Red rock and limestone are the components of
the Mauch Chunk formation in this quadrangle.
In Monongalia and Marion counties, W. Va., this
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F16. 8.—Cross section from northwest corner of Waynesburg quadrangle to southeast corner of Masontown quadrangle.
Horizontal scale, 1inch=3¢ miles; vertical seale, 1 inech—=38000 feet.

STRATIGRAPHY.

The discussion of the rocks in this quadrangle
divides itself naturally between those which are
not exposed at the surface and those which out-
crop. The former are known from the records of
deep wells sunk for gas or oil; the latter can be
studied directly.

ROCKS NOT EXPOSED.

Sources of knowledge—Gas and oil companies
and private individuals operating in this county
usually require the drillers to keep a record of the
thickness of strata passed through in sinking wells.
It is from this source that information is obtained
concerning the underground structure and stratig-
raphy. Records are always more or less inac-
curate when measurements are made by counting
the turns of the cable on the bull-wheel shaft, and
the observers are not trained geologists. Another
source of error is the difficulty of identifying rocks
by the relative ease with which the drill penetrates
them or by the drillings brought up in the sand
pump. Furthermore, records are rarely complete,
often showing only the gas and oil sands, thus
leaving great intervals of which nothing is known
but the thickness. Too frequently beds geologi-
cally important, such as red rock and limestone,
are overlooked or not recorded. An interpreta-
tion and correlation of the records of nine wells
which lie in a north-south line across the quad-
rangle are given on the columnar section sheet.

In discussing the character and relation of the
beds which lie under the Pittsburg coal, the lowest
rock exposed in the quadrangle, the usual order of
description, from older rocks to younger, will be
reversed and the description proceed in the order

in which the various strata are penetrated by the
drill.

CONEMAUGH FORMATION.

The Conemaugh formation extends from the floor
of the Pittsburg coal down to the roof of the Upper
Freeport coal. Underneath this quadrangle it is
from 570 to 600 feet thick and is composed of sand-
stone, limestone, and shale. Many of the records
of wells drilled in Greene County give no details
of this formation. It is known, however, that
limestone is encountered about 50 feet below the
Pittsburg coal: This limestone is underlain by a
massive sandstone, the Connellsville sandstone,
which sometimes is 50 feet thick. Another heavy
sandstone is met at a distance of 150 to 200 feet
below the coal. The interval bétween these two
sandstones is occupied by shaly sandstone or red
shales. This second sandstone is hot named in the
records of this region, but is known elsewhere as
the Morgantown. The shale which underlies the
Morgantown sandstone often is red. /

Red beds.—These beds of red shale in the upper
part of the Conemaugh probably are continuous
throughout the quadrangle, but the records are so
incomplete that this can not be positively asserted.
Red rock is noted in many of the wells in Monon-
galia and Marion counties, W. Va. In the Brice
Wallace well in Marion County (West Virginia

from the outcrop of this horizon in other counties,
the Dunkard oil sand is composed of two beds,
known as the Saltsburg and Mahoning sandstones.
In some places these form an almost continuous
mass of heavy strata, 150 feet thick, with few or
no breaks, but in other localities either one or both
of the members are shaly. It would seem, then,
that a sand lying between 425 and 500 feet below
the Pittsburg coal is the Saltsburg, and that one
found more than 500 and less than 570 feet below
the coal is the Mahoning. It is probable that a
sand reached in Franklin Township at a depth of
575 feet below the Pittsburg coal and called Dun-
kard by the driller is the sandstone which lies below
the Upper Freeport coal at the top of the Allegheny
formation.

ALLEGHENY FORMATION.

A series of coal-bearing strata from 350 to 375
feet thick constitutes the Allegheny formation.
As a whole the data regarding its character here
are meager and unreliable. It israre that drillers
recognize or record any coals below the Pittsburg.
Having reached this well-known horizon, they look
only for productive sands and often note nothing
else, or hundreds of feet of strata 'are lumped as
shale or shaly sandstone. In the record of the
Sayers well (F), which was drilled at the pump sta-
tion 2 miles east of Waynesburg, the one item,
“black shale 870 feet” is all the account that was
kept of the entire Allegheny and Pottsville forma-
tions. The Johnstown cement rock and Vanport
(Ferriferous) limestone are noted in one or two
records. The Clarion sandstone near the base of
the formation sometimes reaches a thickness of 30
to 50 feet, in which case it has in a few instances
been called the Gas sand. Probably it is not always
present.

POTTSVILLE FORMATION.

The Pottsville formation is about 150 to 180
feet thick, and generally it is composed of two
heavy sandstones separated by shale. The upper
is the Homewood and the lower the Connoquenes-
sing sandstone. The records sometimes show these
sandstones merged into one continuous bed from
100 to 170 feet thick. There is a possibility that
this represents the true condition of the beds, but
a separation by a belt of shales in thie midst of the
formation is more common.

Glas sand.—The porous, sandy rock which is
found in this territory at an average depth of 765
feet below the Pittsburg coal and commonly known

with the Homewood sandstone. In a few records
the position of this sand is such that it seems to be
the Clarion sandstone, near the base of the Alle-
gheny formation, rather than the top member of
the Pottsville. In other wells it has been put as
high as the Kittanning sandstone, and sometimes
is not noted at all. The recorded thickness ranges
from 15 to 140 feet. -

Salt sand.—At an average distance of 165 feet
below the top of the Gas sand, or 932 feet from the
Pittsburg coal, the Salt sand is reached. Accord-

as the Gas sand correlates in a majority of cases

formation has a thickness of over 250 feet, includ-
ing some shaly sandstone. Well records in West
Virginia, just south of this quadrangle, show 50
to 150 feet of red shale, and a considerable thick-
ness is found in the southern townships of Greene
County. The red shale thins out to the north and
west, however, and probably disappears, so that in
Washington and Morris townships red rocks rarely
are found at this horizon.

The Greenbrier limestone, commonly known to
Greene County drillers as the Big Lime or Moun-
tain Lime, is persistent throughout this area and
shows almost as great thickness in Washington
County as it does over the State line in West
Virginia. In the northern townships, where red
rock is not found in the Mauch Chunk, the Conno-

quenessing sandstone rests on the Greenbrier lime- |

stone or is separated from it by only a thin bed of
shale or shaly sandstone.

The thinning of the Mauch Chunk formation
decreases the interval between the Pittsburg coal
and the top of the Pocono formation in a north-
westerly direction. It also points to an uncon-
formity at the base of the Pottsville. So far as
shown from well records, this might be an uncon-
formity due to non-deposition or to erosion. From
evidence in other localities where these formations
outerop it seems to be an erosional unconformity.

POCONO FORMATION.

A massive sandstone which has a thickness of
250 to 300 feet and which is found about 1225
feet below the Pittsburg coal is known as the
Big Injun sand. It lies immediately under the
Greenbrier limestone or Big Lime of the Mauch
Chunk and is easily recognized. It constitutes
the upper part and perhaps all of the Pocono for-

-| mation.

The interval between the Pittsburg coal and
the top of the Pocono decreases northwesterly by
the disappearance of the Mauch Chunk red shale.
In each township northwest of Perry Township it
becomes smaller and in Morgan Township is 100
feet less than in Perry Township. Further evi-
dence is given by the wells to the north and
south of this quadrangle. Nine wells in Monon*
galia and Marion counties, W. Va., give an aver-
age distance of 1313 feet to the top of the Big
Injun. The recorded intervals in these wells
range from 1276 to 1338 feet, and are consider-
ably greater than those in the southern townships
of Greene County. In Washington County, Pa.,
the interval continues to decrease, the top of the
Big Injun being 1145 feet below the Pittsburg
coal in a well on the Meloy farm near West
Amity station, Amwell Township, and 1130 feet
in a well on A. Sprowl’s farm on Robinsons Fork,
West Finley Township.

This sandstone is remarkably persistent and reg-
nlar in thickness in the southwestern part of the
State. Where it is seen in outcrop the top is an
arenaceous limestone which downward becomes
more sandy and grades into calcareous sand-
stone. The change from arenaceous limestone to
nearly pure siliceous beds is gradual and accounts

in part for considerable variations in the thickness
of the limestone in the lower part of the Mauch
Chunk, as shown in the records of deep wells.
Allowance must be made for this when the rocks
can not be seen, and part of a large interval of lime
and shale is sometimes considered as the top of the
Big Injun instead of being all Big Lime, as recorded

“by the driller.

There is some difference of opinion as to the
thickness of the Pocono and the position of the
base of the Carboniferous rocks in western Penn-
sylvania. The lower part of the formation is usu-
ally less massive than the upper. For this reason
the bottom of the formation is not always easily
recognized.

In his report on the geology of West Virginia
(West Virginia Geol. Survey, vol. 1, p. 205), L. C.
White gives the Pocono a thickness of 560 to 600
feet, and includes in it the Big Injun and Squaw
sands and 380 feet of underlying shales and sandy
beds. The Big Injun sand in his section is 150
feet thick. He classes a series of sands and shales
571 feet thick, extending from the bottom of the
Pocono, which he places just above the Gantz sand,
to the bottom of the Elizabeth or Sixth sand, as
Catskill, and calls the gray and dark shales with
an occasional “shell” which lie below the Sixth
sand Chemung. On the other hand, M. R. Camp-
bell, in the Masontown—Uniontown folio, No. 82,
describes the Pocono as being 300 feet thick and
equivalent to the Big Injun sand of the drillers.
He classes the sands and shales below the Big Injun
sand as Devonian.

During the present survey of Pennsylvania,
fossils were collected in Fayette County on the
National Pike about 50 feet below the base of
the Pocono sandstone and were identified by
George H. QGirty as of Chemung age. The
Pocono in this locality is approximately 300 feet
thick and is composed almost entirely of sandstone
which varies from thin-bedded, flaggy rocks to
massive conglomerate. Professor Stevenson states
in one of his papers (Am. Jour. Sci., 3d ser., vol.
15, 1878, pp. 423-430) that he found a number
of species which, according to Professor Hall, are
typical Chemung forms. These were found within
18 inches of the base of the Pocono sandstone, and
clearly show that, from a paleontologic standpoint,
no formation can be present at that point between
the Chemung shale and the Pocono sandstone.
The presence of Chemung fossils, however, does
not preclude the possibility that the rocks contain-
ing them are Pocono in age. They may be long-.
lived Devonian forms which have persisted into
the Carboniferous. : '

That there may be a zone of merging between
Devonian and Carboniferous faunas, with no dis-
tinct boundary, has been shown by Charles Butts
(Rept. New York State Paleon. 1902, pp. 990-
995). He finds that in the Olean quadrangle
in southern New York a few distinctively Devo-
nian forms persist and are associated with forms
which belong in the Mississippian series and with
other forms which have Carboniferous aspects.
Mississippian fossils have not been found below
the Pocono sandstone in the Chestnut Ridge
region, and although search has not been made,
it seems probable that they are not there.

Below the Big Injun sand the drill passes through
a series of interbedded shales and sandstones about
1000 feet thick. There is something like a definite
succession of beds, as exhibited by well records,
throughout the quadrangle, but sandstone and
shale replace each other so that the section in
one well may be unlike that in another near by.
The rocks here discussed may be divided into three
parts: (1) shale, “slate and shells,” 300 feet thick,
underlying the Big Injun; (2) gas sands and inter-
bedded red shale, 600 feet thick, and (3) slate and
shells to the bottom of the deepest well.

These red beds in (2) appear in the wells in
the Waynesburg quadrangle about 700 or 800
feet below the top of the Pocono, the uppermost
being near the horizon of the Gantz sand. They
are supposed to be Catskill and of Upper Devo-
nian age.

It is admitted that the 300 feet of slate and shells
composing (1), as described above, and those of
the gas sands in (2), which are above the red
shale, may belong to the Pocono formation. If
they are Pocono, then the top of the Devonian is
represented by the so-called Catskill red shales,
which, in the Josephus Bowers well (H) in White-
ley Township, occur through a distance of over
300 feet. If these rocks between the Big Injun
sand and the top of the red beds are not Pocono



they are either Chemung or a transition series above
the Chemung.

Whether the Pocono extends down to the red
beds or is only 300 feet thick and equivalent to
the Big Injun sand is a question which can not
be settled by the evidence of deep-well records
alone. As a matter of convenience the beds below
the Big Injun sand are here discussed with the
Devonian.

DEVONIAN ROCKS,

The first 250 to 300 feet of strata below the Big
Injun sand, as shown by the records of wells in
this quadrangle, are composed largely of shale and
thin, hard, sandy layers known as “shells.” Three
or more sandstones of varying thickness are some-
times recorded; but they do not seem to be per-
sistent, and do not yield gas or oil. The second
division of the rocks, noted above as found below
the Big Injun, begins with the Thirty-foot sand and
extends to the bottom of the Elizabeth sand.

Gas sands.—In this distance of approximately
600 feet eight well-known sand rocks occur, in the
following order: Thirty-foot, Gantz, Fifty-foot, Gor-
don, Fourth, Fifth, Bayard, and Elizabeth. These
sands have varying thicknesses and are separated
from one another by beds of shale. A detailed
statement regarding these sands appears under
the heading “Natural gas.”

A study of the relation of the Big Injun and
Fifth sands to each other and to the Pittsburg coal
is not without interest from a stratigraphic point of
view.

The following table shows the average distance
from the Pittsburg coal to the Fifth sand in the
Waynesburg quadrangle.

Distance from Pittsburg coal to Fifth sand.

SR LB 8
Township. 3% 1 + ;3 §§ %PE
HEAE AN

z [~ ] <
Feetl. | Feet. Feet.
Franklin......................... 44 | 2258 | 2855 | 2308
Morgan... ....coovivinureninnnn 5 | 2292 | 2365 | 2814
Washington ..................... 4 | 2275 | 2345 | 2310
Wayne. ...o.oveveeeiniiveennnnn. 12 | 2270 | 2336 | 2308
‘Whiteley........coooiiiiiiil 5 | 2282 | 2325 | 2302

These figures seem to indicate that the Fifth

“sand is very nearly parallel with the Pittsburg

coal. The difference between the least and great-
est intervals in the quadrangle is barely more than
100 feet, while the average distance in five town-
ships varies only 23 feet. -

The following table shows the relation of the
Fifth sand to the Big Injun.

Distance from top of Big Injun to top of Fifth sand.

Township. g%’ oy 8 g § §)§
EE| €3 | 84 | 82

“ wl [ -
Feet. | Feet. Feet.
MOrgam.....cooov vuvennnrnnnnnn. 511075 | 1150 | 1109
Washington ..............co.... 4| 1075 | 1129 | 1101
Franklin......coooven vivinnnnnn. 39 | 1015 | 1200 | 1084
Whiteley..................ooo.L 11 | 1020 | 1060 | 1045
Wayne.......oooiiiiiiniiin.. 12| 970 | 1101 | 1044

The average intervals in these five townships
show a decrease from north to south. The dis-
tance from the top of the Pocono to the Fifth
sand is more than 50 feet greater in the northern
part of the quadrangle than it is in the south-
ern. It is shown in the table for the Pocono
formation, given below, that the interval from
the Pittsburg coal to the Big Injun sand in
these same townships decreases in the opposite
direction.

The relation of the Big Injun sand to the Pitts-
burg coal and the Fifth sand is shown in the fol-
lowing table: |

Average distances from top of Big Injun sand to Pitisburg
coal and Fifth sand. /

Pitts-

burg. Fifth. | Total.

Township.

Feet, | Feet. | Feet.

Wayne . ..oooeve i 1259 | 1044 | 2303
Whiteley........cooviiiiiiiiiin, 1257 | 1045 | 2302
Franklin.... .............. e 1224 | 1084 | 2308
Washington.......................... 1209 | 1101 | 2310 -
MoOrgan. ...ooevivin i 1205 | 1109 | 2314

The total of average distances for each township
shows again the remarkable parallelism between the
Pittsburg coal and Fifth sand.

Catskill red beds.—Near the horizon of the Gantz
sand is where the red beds usually appear in the
wells drilled in this quadrangle. The red color is

‘Waynesburg.
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found in both sandstone and shale, and is believed
to indicate the Catskill formation. The Catskill
red beds are either at the top of the Devonian or
some distance below the top of the Chemung for-
mation, depending on the definition of the base of
the Pocono.

The third and lowest arbitrary division of the
Devonian rocks as given above extends from the
Elizabeth sand to the bottom of the deepest well.
According to the record of the Eliza Shape well
(6) there is a series of slate and shells for at least
356 feet below the Elizabeth sand. This well has
a total depth of 3607 feet and penetrated 2831 feet
of strata below the Pittsburg coal.

On the columnar section sheet in the graphic
representation of the sequence of rocks in nine
deep wells, the position of the gas sands is shown
and their relation as well as that of the formations
is indicated by correlation lines. The disappear-
ance of the Mauch Chunk red beds in the northern
part of Greene County, as the result of an uncon-
formity at the base of the Pottsville sandstone or
Salt sand is also shown, as desecribed above.

SURFACE ROCKS.

Carboniferous System.,

The surface rocks in this quadrangle belong
to the Carboniferous system. Three formations
are present, the Monongahela, Washington, and
Greene. The Monongahela formation is exposed
along Tenmile Creek and its South Fork from
Monongahela River to Waynesburg, and on
Dunkard and Whiteley creeks; the other two,
which form the Dunkard group, cover fully 85
per cent of the area. The Monongahela belongs
to the Pennsylvanian series, the Washington and
Greene to the Permian. A generalized section for
the Waynesburg quadrangle is given on the colum-
nar section sheet.

MONONGAHELA FORMATION.

General statement.—The Monongahela formation
extends from the base of the Pittsburg coal to the
top of the Waynesburg coal, and in this region is
315 to 390 feet thick. The whole thickness of the
formation is seen in this quadrangle only on
Monongahela River at the mouth of Tenmile
Creek. S

According to Mr. I. C. White (Bull. U. 8. Geol.
Survey No. 65, p. 45), a section measured in the
steep hillside one mile below Rices Landing, in
this quadrangle, exhibits the following sequence:

Section of Monongahela formation near Rices Landing,
Greene County, Pa.

Feet. Inches. Feet. Inches.

Coal..... ! 0
Clay..... 0 5
1. Waynesburg coal.. < Coal..... 1 3 6 4
| Clay..... 1 2
LCoal..... 2 6
2 -8Shales..coeeinininna.. 40 01
3. Limestone, Waynesburg. ..... 6 0% 9t 0
4. Shales and sandstone.......... 45 0)J
5. Coal, Uniontown............... 1 6
6. Limestone, Uniontown......... 6 0
7. Shales and sandstone.......... 38 0% 126 0
8. Limestone, ““Great”. ......... 82 0)J
9. Coal, Sewickley................ 1 9
10. Sandstone...........ocvviuiinn. 40 0
11, Limestone ..................... 25 0y 95 0
12. Sandy shale.............. ..... 30 o)
18. Slate, bituminous Redstone coal 1 6
14. Sandstone, Pittsburg, flaggy... 15 0 } 45 0
15. Sandstone, Pittsburg, massive. 80 0
Coaly 3
) | Roofs[ shale 1 01
16. Coal, Pittsburg 4 Coal.. 1 2L 10 o
Clay.. 0 10}
Main bench.. 7 0
Total....oooviiiiniii i 378 1

This section shows a total thickness of 378 feet
and is the most detailed record that has been
obtained in the quadrangle. , ‘

The records of 35 deep wells drilled in this
quadrangle which give the depth of the Waynes-
burg and Pittsburg coals prove that the formation
does not maintain anything like a uniform thick-
ness throughout the area. The extreme intervals
between these two coal beds are 299 and 392 feet.
The formation decreases in thickness toward the
west so that in several wells near the western
boundary it does not measure over 320 feet. A
regularity in the thinning of the formation can be
determined in a general way. The thickness in
Washington Township is less than the average in
Franklin Township, and both are much less than
the usual thickness in Dunkard Township.

Further evidence of westward thinning is shown
by wells in Richhill Township, in the western part
of Greené County. Five well records in this town-
ship show that the thickness of the Monongahela

formation varies from 299 to 309 feet, and aver-
ages 297 feet, which is 43 feet less than in Frank-
lin Township, and 76 feet less than in Dunkard
Township.

A table showing the thickness of this formation
as measured in 35 wells in the Waynesburg quad-
rangle is given in the next column.

The average thickness of the Monongahela for-
mation in the Waynesburg quadrangle, or, in other
words, the mean distance from the Waynesburg to
the Pittsburg coal, as shown by these thirty-five
well records is 337 feet. '

The Monongahela formation is composed of sev-
eral kinds of rocks, but may be characterized as
calcareous. It contains over 100 feet of limestone,
some heavy beds of sandstone, shales, and five
coal seams (shown in fig. 4). All of the coals
are persistent in extent so far as known. The
Pittsburg coal, which is at the base of the forma-
tion, is the thickest seam, is probably the least vari-
able, and has the shortest outcrop line of all the
coals in the quadrangle. The Waynesburg coal,
at the top of the formation, and the Mapletown

Thickness of Ménongahela Sformation as shown by deep-well

records.
8 8 3
e —
R | s S
. 83 | 8% | S8
g mg ©5 0o
-E Name. Township. 5 2 g 0| Hbo
=2
2 85 | 52 | 32
E £ | 28| =8
o P
3 gz RE S5
B B | = B

Feet. | Feet. | Feet.

59 | Lot McClure, No. 8..| Dunkard....l.....|..... 378
58 | Pride, No. 1..........|...... do...... 0. .l 375
57 | Pride, No.8..........|...... do ..... 275 | 91 | 366
12 | Elizabeth Rush...... Morgan .... |..... .... | 869
14 | Montgomery, No. 1..|...... do...... 215 | 108 | 328

7 | Lewis, No.2....... P P do....ofeveii]innn. 320
43 | W. 8. Scott, No. 8....| Jefferson....|.....|..... 322
42 | W. 8. Scott, No. 1....|...... do......[..ooifinnen 299

49 | Eliz. J. Stephens..... Whiteley....| 280 | 83 | 363
51 | Thomas Mooney,No.

B Y P do...... 230 | 100 | 330
50 | Iseminger heirs, No.
P2 (R do...... 225 | 95 | 320

41 | Thomas Bayard, No.
1 B

....................... do...... 220 | 95| 315 ..

21 | D. R. Pratt.......... Franklin....| 286 | 106 | 892
87 | John Frye, No. 1....|.... .do...... 275 | 93 | 368
F | R A. Sayers, No. 1.

1889 ..... Y do...... 229 | 130 | 359
34 | Gordon heirs, No. 1..|...... do...... 227 | 129 | 356
G | L. M. Carpenter, No A

PP U do...... 225 | 125 | 350
27 | Bonar Land Co., No

T do...... 230 | 115 | 845
28 | E. M, Sayers, No. 1..|...... do...... 222 | 116 | 338
E | Illig, No. 1......ooovi]onnnnn do...... 223 | 113 | 336
40 | E.and J.Strosneider,

Ao Y Y PN do...... 250 | 82 | 332
31 | Bowlby and Donly,

No.l.oeeooiiaiiii] e do...... 225 | 105 | 330
30 | R. A. Sayers, 1901. ..|...... do...... R P 330
33 | Wm. Rinehart, No. 2.|...... do...... 217 | 112 | 329
18 | F. M. Shriver, No. 1.]...... do......|eeei|ennn 327
2 | BowIbY.ooorveennean]oenns. do...... 220.| 105 | 325
22 | Adams heirs.........|......do...... 225 1 99 | 324

85 | E. M. Sayers, No. 1. .
1900 ... do.... 7220 | 108 | 823

23 | C. M. Smith, No. 1...{...... do...... 280 | 90 | 320
86 | Greenlie.............l...... do...... 241 91| 3815
38 | Isaae Thomas........|...... do...... 2156 | 99 | 314
55 | Sarah Gump......... Wayne..... 250 | 90 | 840
20 | Conger ...........,.. ‘Washington.| 212 | 108 | 320
C | J. W. Closser, No. 1..|...... do...... 190 | 124 | 314

2 | Wm. Fonner, No. 5..] Morris.......|........... 337

coal, about one-third way from the bottom, are of
workable thickness. The Redstone and Union-
town are too thin to be of value.

Feet.

WAYNESBURG COAL,
" 1
UNIONTOWN COAL.
mo -
100 — SEWICKLEY COAL,
REDSTONE COAL.
[} PITTSBURG COAL.

F16. 4 —Section showing coal beds of the Monongahela
formation.

Pittsburg coal.—The Pittsburg coal, at the base
of the formation, outcrops along Tenmile Creek
between Monongahela River and Clarksville so
close to water level that the underlying shale at
the top of the Conemaugh formation is below the
surface or hidden by the flood plain. From an
economic standpoint this coal is the most important
member of the formation. In fact, it is more uni-

form in quality and thickness, and for a given area

more valuable than any other bed in the bitumi-
nous field of Pennsylvania. The Pittsburg coal
occurs in an area 50 miles in length by 50 miles in

breadth in the southwest corner of the State. It is
found throughout Greene and Washington counties
and extends east into Fayette County and north
into Allegheny County. It is from 6 to 10 feet
thick.

Little is known regarding the character of the
coal or section of its bed in the deeper parts of the
basin in Greene and Washington counties. Drill
records, with three exceptions, attest its presence in
all parts of the Waynesburg quadrangle with about
the same aggregate thickness that it maintains in
outcrop on the edges of the field. The Pittsburg
bed lies deep below the surface, but it is only a
question of time when it will be reached by shafts.
A sandstone about 50 feet thick overlies this coal
seam. It is in part rather thin bedded and shaly,
and has a dark-gray to brown color, features which
do not distinguish it from other sandstones in the
region. It is recognized most readily by its geo-
logic position.

Redstone coal.—This bed was first named and
described by Prof. H. D. Rogers from a locality
near Uniontown, Pa. He assigns to it a thickness
of 2 to 3 feet and gives the interval between it and
the Pittsburg coal as 50 feet. In the Lemont air
shaft, which was sunk in the vicinity of Rogers’s
type locality, the Redstone bed occurs about 80 feet
above the floor of the Pittsburg coal and is 4 feet
thick. The coal is closely underlain by the Red-
stone limestone, which has a thickness of from 11
to 13 feet. This interval of 80 feet and the under-
lying limestone have been observed in several shafts
and diamond-drill holes in Fayette County. Fig.
5 shows the section in the Lemont shaft. Besides
the features mentioned above, it is noticed that in
this section the Pittsburg sandstone is replaced by
shale.

Feet.
100

Redstone coal.

Pittsburg coal.

F1a. 5.—Section of Lemont mine shaft near Uniontown, Pa.
, Scale, 1 inch=100 feet.

In this quadrangle a coal which is from 40 to 70

feet above the Pittsburg bed is seen in -occasional
It shows about half a

outcrops below Clarksville.
foot of coal and bituminous shale and is too thin. to
be of value. This bed, which is commonly sup-~
posed to be the Redstone, can not be correlated
definitely with the type locality because the inter-
val is considerably lessened and because it can not
be said with certainty that there is an underlying
limestone on Tenmile Creek. '

The well records in Greene County do not show
a coal between the Mapletown and Pittsburg coals,
and 1t seems probable that the Redstone has no
economic importance in this quadrangle.

Above the Redstone coal are two beds of sand-
stone separated by a bed of limestone, filling the
interval of 50 to 70 feet which intervenes between
the Redstone and the next coal above it.

Sewickley (Mapletown) coal.—The Sewickley coal,
known in this locality as the Mapletown coal, has
its best development in the southeastern portion of
Greene County. It is about 120 feet above the
Pittsburg coal and underlies a considerable thick-
ness of limestone. Well records in Dunkard Town-
ship give various measures for the interval between
the Mapletown and Pittsburg coals, the extremes
being 91 and 145 feet.

In the Wayneshurg quadrangle the Mapletown

coal outcrops along Dunkard Creek, passing below
water level at the mouth of Meadow Run, where it
has a thickness of 5 feet. This coal is seen along
Tenmile Creek below Clarksville, where it is from
12 to 22 inches thick. The bed has from one to
three thin partings, which detract from its value.
It takes its name from the village of Mapletown,
in southeastern Greene County, where it has been
mined extensively for local use.

Benwood limestone—The most important mem-
ber of the Monongahela formation lithologically is
the Benwood limestone, which in places attains a
thickness of 150 feet, and has its base about 130
feet above the Pittsburg coal: The name is derived
from an excellent exposure of this limestone at Ben-
wood, 4 miles south of Wheeling, W. Va. This
limestone is commonly known as the Great lime-
stone.

The term Benwood limestone is restricted to
the strata occurring between the Mapletown and
Uniontown coals. This bed is never solid lime-
stone, being broken up by layers of shale and thin



sandstone into two large divisions. The lower
division is about 60 feet thick, and is generally
composed of alternating bands of limestone and
calcareous shale. The limestone beds are usually
less than 2 feet thick, although an occasional bed
attains three to five times that thickness locally.
The upper division of the Benwood limestone is of
varying thickness, from 6 to 20 feet, and lies imme-
diately under the Uniontown coal. It is composed
of beds a foot or more thick with interstratified thin
layers of shale. The lower division is more persist-
ent than the upper and has a larger magnesian con-
tent. The analyses which are obtainable indicate
that the composition is variable. Certain benches
are pure enough for making lime, while others are
worthless. The texture varies from very fine to
shaly. This limestone has been used in the Monon-
gahela Valley for manufacturing natural cement.
The weathered surface of the limestone may be
gray, almost white, bluish, or brownish; the fresh
stone is dark blue, flesh colored, and drab.

The Benwood limestone is exposed on Meadow
Run below Davistown and in the valley of South
Fork of Tenmile Creek below Jefferson. Particu-
larly good exposures occur on Castile Run and
at the iron bridge across South Fork of Tenmile
Creek, 2 miles below Jefferson. The bluff along
the river between these two points gives the section
of this part of the geologic column and shows the
dip of the beds.

Uniontown coal.—At the horizon of the Union-
town coal a small blossom can usually be found in
the road. The bed is at the top of the Benwood
limestone and 60 to 80 feet below the Waynesburg
coal. Tt seems to be persistent as coal or as bitu-
minous shale, and may be a foot thick in some
places. At the west end of the covered bridge
over Ruff Creek, near the Childrens Home, about
8 inches of Uniontown coal is exposed in the ditch.

Waynesburg limestone.— The interval between
the Uniontown and Waynesburg coals is occupied
by sandstone and shales, with a 10-foot bed of
limestone 25 feet below the Waynesburg coal.
Good exposures of this limestone are seen on the
road three-fourths of a mile east of Whiteley post-
office, on Braden Run below Kelley’s coal bank,
and in a number of places between Jefferson and
Racine. This bed, which is known as the Way-
nesburg limestone, is persistent and can be found
usually where the road crosses its horizon. It is
light colored and fairly heavy bedded.

Above the Waynesburg limestone there is often
some shaly sandstone and shale, and the floor of
the Waynesburg coal usually rests on shale or fire
clay.

Waynesburg coal.—The Waynesburg coal marks
the top of the Monongahela formation, and is the
highest of the Upper Productive measures. Its
outcrop, as shown on the geologic map, extends
up the valley of South Fork of Tenmile Creek to
within a mile of Waynesburg, up Whiteley Creek
to Whiteley village, and along Dunkard Creek and
Meadow Run to Davistown.

The Waynesburg coal seam varies in thickness
from 5 to 9 feet and is almost universally a double
bed. It is divided by a shale parting, which
ranges from 3 to 28 inches in thickness. The
upper bench of coal is 12 to 36 inches thick, and
the lower bench measures from 30 to 48 inches
where its lower limit can be seen. The| coal is
hard and comes out in good-sized luxan, but it
frequently contains considerable quantities of sul-
phur. Tt is useful for steam and domestic pur-
poses, but the content of sulphur makes it unfit
for the manufacture of coke and gas.

Fossils.—The flora of the Monongahela forma-
tion is very imperfectly known. According to
David White it appears to be characterized by a
great abundance of representatives of the types of
Neuropleris scheuchzert, and Newropterts ovata; by
pecopterids of the large-pinnuled group, and by
odontopterids of the type of Odontopteris brardii.
In this formation the lepidophytes are waning, the
genus Lepidodendron having nearly disappeared,
and the genus Sigillaria being represented by the
S. brardwe group. The limestones which fill so
much of the interval between the Pittsburg and
the Waynesburg coals and which may indicate deep-
water conditions, show no marine fossils. The only
molluscan forms they contain are a few bivalve crus-
taceans. The fauna of the whole group seems to be
restricted to fresh-water types.

DUNKARD GROUP.

General statement.—Above the Monongahela for-
mation is a series of soft rocks extending from the
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roof shales of the Waynesburg coal to the topmost
beds of the Carboniferous of the Appalachian
region. The name of the group is derived from
Dunkard Creek, along which the rocks show in
outcrop throughout most of its course. It is not
known how great the original thickness ot this
series of rocks may have been.

In the Waynesburg quadrangle the greatest
thickness of the Dunkard is about 800 feet. The
highest beds are found in the hilltops between
Gump and Little Shannon Run, in Perry and
Whiteley townships, and on the prominent hill
marked by a triangulation station on the eastern
boundary of Morris Township.

The Dunkard group contains thick beds of heavy
sandstone, a number of thin beds of limestone, and
several small coal seams. For the most part, how-
ever, it is made up of thin-bedded sandstones and
shales. As a whole the rocks are soft and weather
easily to considerable depth. For this reason out-
crops of the softer beds are limited, and it is
extremely difficult to trace any of the higher beds.

For cartographic reasons the Dunkard has been
given group value in this folio and is divided into
two formations. In Report K of the Second Geo-
logical Survey of Pennsylvania Professor Steven-
son divided this group into two parts, which he
called the Washington County group and the
Greene County group, taking the names from the
counties in which the rocks are well developed.
Unfortunately he defined the base of the “Upper
Barren measures” as occurring at the top of the
Waynesburg sandstone, and was not consistent in
his definition of the dividing line between the two
groups named above. This makes it necessary to
redefine the limits of the two parts of the Dunkard.
To conform with usage which has been general
since the publication of Bulletin No. 65 of the
United States (Geological Survey, the lower part of
the Dunkard—Stevenson’s Washington County
group—is extended to include the Waynesburg
sandstone and Cassville shale. The base of his
Greene County group is fixed as he sometimes
defined it, at the top of the Upper Washington
limestone. Stevenson’s names are retained after
dropping the word county and changing “group”
to formation. The two parts of the Dunkard
group, therefore, will be described as the Wash-
ington and Greene formations. - The Washington
formation extends from the top of the Waynesburg
coal to the top of the Upper Washington limestone.
The Greene formation includes all Permian rocks
in this area above the Upper Washington limestone.

The division between formations was placed at
the top of the Upper Washington limestone because
that stratum is the most persistent and easily recog-
nized member of the group. Its horizon is about
400 feet above the Waynesburg coal. The out-
crop of this limestone was traced over a large part
of this quadrangle, and its elevation was ascertained
at numerous points, to determine geologic structure.
The limestone occurs near the tops of the ridges,
and caps a few isolated hills in the eastern half of
the quadrangle. In the western half the syncline
and southwestward dip bring the limestone down
into the valleys. The rise of the antieline toward
the northeast corner has carried the Greene forma-
tion so high that it has been eroded. In the vicin-
ity of Davistown, on the flank of the Fayette
anticline, it has likewise been removed.

WASHINGTON FORMATION.

The Washington formation includes a number
of locally important members, which are described
in détail below. The intervals between the mem-
bers described are occupied by shales, sandstones,
and thin beds of limestone. The greatest interval
is 180 feet of thin sandstone and shale which is
capped by the Jollytown coal. A number of beds
of shale are contained within this interval, but out-
crops are few on account of the softness of the rocks.
Several coal beds are known in the Washington
formation, but none of them reach the importance
of the coals of the subjacent series. They are too
thin or too much broken by partings to be worked
until the thicker beds in the Monongahela forma-
tion are exhausted.

Cassville shale.—The base of the Washington
formation is a bed of shale from O to 12 feet thick,
which forms the roof of the Waynesburg coal.
When this shale is absent, the Waynesburg sand-
stone rests directly on the coal. This shale always
bears-fossil plants and is notable for that reason.

Waynesburg sandstone—This sandstone is a
massive bed, from 40 to 70 feet thick, separated
into two nearly equal parts by a sandy shale. It

is coarse grained, heavy bedded, and shows strong
cross-bedding. Its color is usually a dirty gray to
buff where massive.

The physical characteristics of the Wayneshurg
sandstone denote great change in the conditions
which had prevailed for a long time previous to
its formation. The great thickness of limestone in
the Monongahela is evidence of quiet subsidence
and slow deposition in a large and deep body of
water.

The Waynesburg coal represents a low land area
and quiet conditions, which existed until the roof
shales were laid down. In the sandstone, however,
are evidences of rapid changes. The body of water
in which the material settled was shallow and dis-
turbed by strong currents which brought in a vast
amount of coarse material.

The sandstone is well exposed just above the
coal at Davistown and Whiteley. It can be seen
all along South Fork of Tenmile Creek to the
mouth of Laurel Run, where it dips rapidly
beneath the surface. The plateau at Racine is
underlain by this sandstone, and Jefferson is built
on it. Bluffs of the rock showing its massive char-
acter and cross-bedding may be seen on South Fork
of Tenmile Creek at the mouth of Grimes Run and
in several places along the creek between this place
and Jefferson.

Waynesburg “A” coal—This is the lowest in
the series, and is found 65 to 90 feet above the
Waynesburg coal. It is separated from the sand-
stone described above by a few feet of argilla-
ceous shale. The coal sometimes has a thickness
of more than 2 feet, but is seldom of commercial
importance. This coal and the Waynesburg “B,”
which lies 30 feet above it, are persistent though
thin. The Waynesburg “B” coal is rarely more
than a few inches thick.

Washington coal—The most conspicuous coal
bed, the Washington, occurs about 140 feet above
the base of the formation. It has a wide variation
in thickness and structure, but is very persistent,
and always shows a strong blossom. The bed is
so broken by clay parting that its thickness appears
to be considerable, but the total amount of coal is
small. Sections of this coal, which show a thick-
ness of several feet, are somewhat misleading unless
the details are known. For instance, in Buffalo
Township, Washington County, the bed has a
total thickness of 8 feet, 9 inches, as follows:

Section of Washington coal in Washington County.

Feet. Inches.

Coalandshale...............cooi i, 0 10
Clay v e 2 0
Coaland elay......ccovvvivrvreeninnnnn.. 3 1
[0 125 N 0 10
Coal vt e e 2 0

Total.........coevvinn, 8 9

The total of coal is 4 feet, 3 inches; it is of poor
quality, containing much sulphur and a great quan-
tity of ash. ‘

In Franklin Township, Greene County, the
Washington coal shows two benches, 9 and 5
inches thick, separated by 5 inches of clay. It
has no economic value in this quadrangle.

Jollytown coal.—At an elevation of about 375
feet above the Waynesburg coal and on top of a
series of sandstones and shales 100 feet thick, which
separate it from the Washington coal, is a persistent
little member known as the Jollytown coal. Its
position is 40 to 50 feet below the Upper Wash-
ington limestone, but there is considerable vari-
ation in the distance above the Waynesburg coal.
The interval is about 300 feet in the northwest
part of the quadrangle and 400 in the southeast
near Dunkard Creek. The Jollytown coal is
important as a horizon marker and guide because
it is easily recognized and widely distributed over
the quadrangle. In most instances where seen in
this area it carries 6 inches to 1 foot of coal and is
overlain by iron carbonate nodules. Along Dun-
kard Creek it is about 20 inches thick and of fair
quality. In this region, where other coal beds are
not within easy reach, it is of some value. A num-
ber of good outcrops can be seen on South Fork
of Tenmile Creek above Waynesburg, on Browns
Creek, and on Overflowing Run.

The name Jollytown has been used by I. C.
White (Bull. U. 8. Geol. Survey No. 65, p. 22)
for a coal above the limestone he describes as the
Upper Washington. In his section on Dunkard
Creek he places the Jollytown coal 422 feet above
the Waynesburg coal. In this folio the usage of
Professor Stevenson, who describes it as being 50
feet below the Upper Washington limestone, is fol-
lowed.

Jollytouwn limestone.—Thirty feet above the Jol-
lytown coal and 20 feet below the Upper Washing-
ton limestone is a limestone which is exceedingly
persistent. It is hard and coarsely brecciated,
weathering to dull gray, often tinged with yel-
low. The surface frequently has a roughened
appearance where weathered. Owing to its abil-
ity to withstand the weather and to its peculiar
surface characteristics it is an important guide in
stratigraphy. It is not more than 5 feet thick,
but it is so resistant that some trace of it is
usually found wherever it has been exposed. Out-
crops are numerous. Along South Fork of Ten-

mile Creek above Waynesburg in particular, and -

throughout the western half of the quadrangle in
general, blocks of the yellow limestone can be
found between the Jollytown coal and the Upper
Washington limestone.

Upper Washington limestone.—The Upper Wash-
ington limestone is by far the most conspicuous and
persistent member of the Dunkard group in this
quadrangle, and for that reason was chosen as the
horizon upon which to subdivide the group into
formations. Its position is from 350 to 440 feet
above the Waynesburg coal. "Where the limestone
is known to be present its top, which marks the
upper limit of the Washington formation and the
base of the Greene formation, is shown on the
accompanying maps by a thin black line. Where
no outcrops could be found in Whiteley, Perry,
and Dunkard townships, the probable horizon of
the limestone is indicated on the map by the merg-
ing of the patterns of the two formations.

The Bellevernon anticline elevated the rocks so
much that the upper part of the Dunkard forma-
tion is eroded along the arch from Racine to the
middle of Franklin Township. The anticline
plunges to the southwest, however, and brings
the Dunkard so low that in Wayne Township the
Upper Washington limestone outcrops in the bot-
tom of the valleys. v

The characteristics of. the Upper Washington
limestone are so marked in this region that it is
easily recognized. In all portions it weathers to a
gray-white. This color is in such strong contrast
to that of other limestones in this region that it
affords a means of certain identification. In case
of any doubt the occurrence of the yellow Jolly-
town limestone at its customary place 20 feet below
is conclusive. The Upper Washington limestone
in this quadrangle is from 4 to 15 feet thick. Itis
brittle, rings sharply when struck, and is divided
into two or three layers by thin beds of shale.

4+On fresh fracture the rock is blue, almost black,

drab, and mottled. Its brittleness and ability to
withstand the weather have led to its employment
as road metal, and it is often burned for lime.

The greatest thickness of this rock is seen in
Washington County. In West Bethlehem Town-
ship, just north of the divide at the head of Craynes
Run, an excellent exposure was found in the road
beside a small run. The limestone is 15 feet 6
inches thick, white on the weathered surfacé, and
mottled gray inside. In the southern part of the
quadrangle the bed is thinner, not so white, and
outerops are few. '

There is a typical outcrop of the Upper Wash-
ington limestone at the road forks on Wisecarver
Run 2 miles north of the tin mill at Waynesburg.
Also on Purman Run 2 miles north of Waynes-
burg, the Upper Washington and Jollytown lime-
stones are exposed at the road forks. There are
numerous outcrops of this bed along the road up
Boyd, Hopkins, and Overflowing runs at an alti-
tude of about 1100 feet, and on the hillsides farther
east at greater elevations. The easternmost outcrop
in Morgan Township is 2 miles west of Clarksville
on a hill 1420 feet high, where the limestone has
been quarried 60 feet below the summit. At the
head of Dyers Fork, on land owned by Mr. Zim-
merman and on 8. J. Bradford’s farm across the
ridge on the south, are good outcrops. In Wayne
Township white blocks of Upper Washington lime-
stone outcrop along Roberts Run at elevations
of from 1100 to 1150 feet above sea level. An
excellent exposure in the road ascending the ridge
on the east a mile south of Spraggs shows the
usual characteristics. The rocks rise to the east
so that a 1400-foot hill near Davistown is lower
than the horizon of the limestone. Almost no
outcrop of this limestone could be found in the
southern half of Whiteley and Perry townships.
As a result of deep weathering of the soft sand-
stones and shales the surface is covered with a
mantle of waste that may have hidden the out-
crop, but it seems probable that at some places in



the southern part of the quadrangle the limestone
is absent.

The interval between the Pittsburg coal and the
Upper Washington -‘limestone changes from nearly
800 feet at Davistown to 650 feet at Ruff Creek.
This is due to a thinning of 50 feet in the Monon-
gahela formation and of 100 feet or more in
the Washington formation: Professor Stevenson
reported in 1876 that the interval between the lime-
stone and the Washington coal varies from 325 feet
on Dunkard Creek to 260 feet on South Fork of Ten-
mile Creek near Waynesburg and 190 feet on Ruff
Creek in the eastern part of Washington Township.

GREENE FORMATION.

DBituminous shale—Directly above the Upper
Washington limestone is a dark shale, more or less
bituminous. This shale marks the base of the
Greene formation. Often the shale is sufficiently
bituminous to show a fracture like that of can-
nel coal. Under such circumstances it contains
bivalve crustaceans and fish scales.in abundance,
all well preserved. In Washington County there
is frequently a little coal a few feet above the
limestone, and the shales are without much car-
bonaceous matter. When such is the case the
shales are rich in impressions of leaves and stems.

Sandstone and shale—In Greene County ferru-
ginous shale occurs above the bituminous shale, but,
except within a very small area in Center Town-
ship, is so distributed as to be unavailable as ore.

The greater part of the Greene formation in the

Waynesburg quadrangle is composed of soft sand-
stone and shale. These weather so deeply that
there are few outcrops in the upper part of the
formation. The beds in this part of the geologic
column are so variable and so covered by débris
that no accurate measurements could be made and
only an approximate section can be constructed.
Red shale seems to occur frequently in the upper
portion of the Greene formation, and about 100
feet above the Upper Washington limestone there
is in places considerable fairly heavy sandstone.
- In the 400 feet or more of rock which lie between
the Upper Washington limestone and the top of
the highest hills in the quadrangle there are sev-
eral small beds of limestone and bituminous shale
or coal. The coals are nowhere thick enough to
be of value, and because of the softness of the
overlying rock are usually covered with débris.

Fossils.—The organic remains of the Dunkard
group, according to David White, comprise fossil
plants in large numbers and ostracods with occa-
sional occurrences of pelecypods and fish fragments.
The flora is characterized by the continuance of the
ubiquitous neuropterids noted in the Monongahela;
by the presence of a highly varied pecopterid ele-
ment, some of whose large forms approach, in
aspect, the Mesozoic Cladophlebis; also by the
occurrence of several large obliquely-lobed sphe-~
nopterids, and by great quantities of small-leafed
Sphenophylla of the group represented by Spheno-
phyllum filiculum. Lepidophytes, with the excep-
tion of the Sigillaria brardii group, appear to have
vanished.

Among the plant species having greater value in
precise age determination, though often rare in
their occurrence, are the following:

Callipteris conferta Sternb.
Callipteris lyratifolia Goepp. var. coriacea (F. & I. C. W.).
Callipteris curretiensis Zeill.
Pecopteris feeminaeformis (Schloth.) Sterz. var. diplazioides
Zeill.
Pecopteris germari Weiss.
~ Alethopteris gigas Gutb.
Odontopteris obtusiloba Naum.
Caulopteris gigantea F. & I. C. W.
Equisetites rugosus Schimp. :
~ Sphenophyllum fontaineanungl S. A, Miller.
Sphenophyllum tenuifolium F. & 1. C. W.
Sigillaria approximata F. & I. C. W.

This flora -of the Dunkard is interesting on
account of the occurrence of species that are either
unique or closely related to forms present in rocks
of Mesozoic age. Such are:

Equisetites striatus F. & I. C. W,

Nematophyllum angustum F. & I. C. W.
Pecopteris odontopteroides F. & I. C. W. sp.
Sphenopteris pachypteroides F. & 1. C. W.

S. pachynervis F. & I. C. W.

Saportea grandifolia F. & 1. C. W.
Jeanpaulia virginiana F. & I. C. W. sp.
Teniopteris newberryana F. & 1. C. W.

The best localities for making collections of
fossils in the Dunkard group are at the type Jocal-
ity, Cassville, W. Va., and on Muddy Creek near
Carmichaels, in Greene County, where for nearly
half a mile the Cassville shale and Waynesburg
coal are finely exposed along the stream.

‘Waynesburg.

g an extremely fine, laminated clay.

7

Below the Washington coal is a sandstone which
often bears imperfect leaf impressions and frag-
ments of carbonated vegetable matter. A black
carbonaceous shale between the Lower Washington
and Washington coals contains bivalve crustaceans
and fish scales. This shale is exposed on Purman
Run above the covered bridge in the village of
Waynesburg.

Parts of the Upper Washington limestone con-
tain bivalve crustaceans. (Good specimens-can not
be obtained because the weathered surface is unsat-
isfactory and tests are destroyed in breaking the
rock. The bituminous shale above the limestone
carries some fossils, as mentioned above.

Quaternary System.

PLEISTOCENE' DEPOSITS.

CARMICHAELS FORMATION.

The deposits of clay, sand, and gravel made in
the valley of the Monongahela during Pleistocene
time take their name from the village of Carmich-
aels, in Greene County. This town is situated in
a broad abandoned valley of the Monongahela,
which was filled to a depth of 60 feet with gravels
and fine silt when a barrier of some sort, probably
of ice, obstructed the river at a point 1} miles
below the village and ponded the waters. This is
one of the most striking of the numerous aban-
doned channels along the river.

As the valley was originally occupied by an
active stream, the lowest materials in this deposit
are always coarse and well rounded. Above this
layer of bowlders the deposit is finer, varying with
no apparent regularity from gravels to sand and
clay. The current passing through the ponded
water varied in-strength, at times being so strong
as to bring in coarse material, and again so weak
that finely laminated clay was laid down.

There were several periods at which ponding or
retardation "of current took place from different
causes. In early Pleistocene time, possibly dur-
ing the Kansan invasion, the river flowed at a higher
elevation, and seems to have been ponded so that
a deposit of silt was made which mantles valley
slopes in some places to an elevation of more than
1060 feet above tide. Whether the valley was
filled up to that level, or only a thin layer of silt
covered the sides, is not known. The road from
Rices Landing to Jefferson crosses a plain, the
largest nearly level area in the quadrangle, which
is covered with this silt. Here may have been
the former outlet of South Fork of Tenmile Creek
to the Monongahela. On this plain are places
where small quartz pebbles are numerous, and
a number of rounded bowlders of hard sandstone,
8 to 12 inches in diameter, were seen. These
bowlders are too large to have been rolled to their
present position by the currents which carried the
fine material on which they lie. South Fork of
Tenmile Creek at that time was a small stream
flowing on a gently graded floor. It seems likely
that these bowlders were carried in by blocks of
ice from the Monongahela.

Deposits of clay, sand, and gravel similar in
character to those found at Carmichaels and near
Rices Landing are seen at various points on the
South Fork of Tenmile Creek. The elevation of
the rock floor or cut terrace on which these depos-
its rest is between 960 and 980 feet above tide.
These sediments have been mapped at Jefferson, at
the bend on Browns Run, between the loops on
Ruff Creek, at Waynesburg, and at other points.
The rock floor is about 980 feet above tide in the
western part of Franklin Township. It rises gently
upstream, more slowly than the stream itself] so that
terrace deposits and alluvium merge. An excava-
tion for a well near the gristmill at Jefferson showed
that the material covering the terrace at that point
At the brick-
yard in Waynesburg the rock -floor of the old
valley, at an elevation of 960 feet above tide, is
covered with a thin layer of gravel and several feet
of clay on top.

On the road between Jefferson and Waynesburg,
a quarter of a mile east of the bridge over Ruff

| Creek, a cutting in the highway shows a deposit of

fine silt containing some well-rounded pebbles.
Beyond a doubt this material was dropped here
at a time when Ruff Creek flowed at a higher
level and a little to the east of its present posi-
tion. This deposit at an elevation of ‘960 to 990

feet above tide is a remnant of an extensive fill-
ing, like that in Muddy Creek, which extends into
‘Washington Township. The revived stream has

_elevation of 950 to 970 feet above tide.

cut it all away, except the short stretch at the
mouth of Craynes Run.

The rock floor of the larger terrace on the south
and west sides of the village of Jefferson is about
950 feet above tide. There is another terrace north
and west of the village on both sides of the creek
which is at an elevation of 910 feet. The deposits
on this lower terrace may be of the same age as
those seen between Tenmile Creek and its South
Fork at Clarksville at a somewhat lower elevation.

Just south of Clarksville there are river gravels
in the highway on a rock floor at an elevation
of 820 feet above tide. These are almost too low
to correlate with the terrace deposits at Jefferson,
and may represent a much later stage of ponding
in the main river. During the Wisconsin stage the
Allegheny and other rivers flowing from the north
were so heavily loaded that they aggraded their
channels. This naturally would have raised the
mouth of the Monongahela and retarded its flow.
These low deposits at Clarksville may owe  their
origin to this cause.

During the existence of the ice dam below Car-
michaels the ponded waters must have extended
for some distance up the tributary streams. If
this condition existed for any length of time, or
was often repeated, deposition must have occurred
to-an appreciable extent in the side streams. Some
of these deposits have been recognized and mapped.
If one traverses Muddy Creek or Whiteley Creek
from its head toward ‘the mouth, the wide valley
bottom appears to be but a normal development of
flood plains. If one comes from the east, how-
ever, this physiographic feature seems to have a
different origin. The deposit in the valley of
Muddy Creek to 1} miles from Khedive is con-
tinuous with that which fills the abandoned chan-
nel at Carmichaels. The top soil, of course, is true
alluvium, but the larger deposit, which gives the
narrow valley a broad floor, is Carmichaels clay,
and has been mapped as such.

Since the rejuvenation of the drainage, erosion
has been very active in removing the soft material
deposited in the narrow valleys. Whiteley Creek
has succeeded in cutting out the clays as far as the
village of Whiteley. For a mile above Whiteley
it has-cut a trench through them, but from Woods
Run to Lanz Run the creek meanders on a broad
filling of Carmichaels clay. The width of the val-
ley floor decreases upstream, but it is believed that
the flat bottom due to the filling of Carmichaels
clay extends up to an elevation of about 1040 feet
above tide, which is reached at Cummins on Dyers
Fork, and about a mile above Kirby on the main
stream. On Dunkard Creek but one small area of
terrace deposit remains in this quadrangle at an
Between
this point and the mouth of the creek, in the
Masontown quadrangle, there are a few small areas
remaining. The stream has cut below them 20 to
60 feet and left only these occasional remnants of
the former soft filling of the valley.

RECENT DEPOSITS.
ALLUVIUM.

The valleys of most of the streams in the quadran-
gle are so narrow that the flood plains are scarcely
more than 100 yards wide and are too small to map.
Only the larger areas of alluvium are indicated on
the areal geology map. The best developments of
flood plains are on the inside of the sharp bends
of South Fork of Tenmile Creek. The flats just
above creek level and a quarter of a mile wide west
of Clarksville and southwest of Jefferson are good
examples. '

It is noticeable that the flood plain of Monon-
gahela River is small in comparison with the size
of the stream. It is not so well developed as the
flood plains of some of its tributaries. This may

be explained by the fact that the wider flood plains.

of the tributaries survive from a cycle preceding
the latest uplift, whereas the river is in a new
cycle and is still actively engaged in deepening its
channel.

GEOLOGIC HISTORY.!
PALEOZOIC ERA.

The sequence of events during Cambrian, Ordo-
vician, and Silurian periods can be inferred only
from the character of the rocks in other parts of

1The author has drawn largely on *‘The Sedimentary
Record of Garrett County” in the Maryland Geol. Surv.
Rept., by George C. Martin, and on the ‘ Geologic History”
in the Latrobe folio of the Geologic Atlas of the United
States, by M. R. Campbell, for the material in this section.

the country. Such inferences possess little value
and will not be undertaken.

Devonian Period.

The account of the geologic history begins, then,
with the lowest rocks penetrated by the drill, which
are shales and thin interbedded sandstones well
down - in the Devonian. At the time these rocks
were laid down a large part of what is now the
continent of North America was covered by
water. There was a great inland sea which was
bounded on the north by the Archean highlands
of Canada and on the east by a land area lying
somewhere along the Atlantic slope and appar-
ently crossing New England near its western line.
This land extended far to the south, and it seems
probable that it reached westward possibly across
the lower Mississippi Valley. The great expanse
of salt or brackish water in the heart of the United
States had access to the open sea, but it did not have
a fixed shore line or constant relation to the land for
any great length of geologic time.

At the time this history begins the open sea
which probably existed throughout most of the
Devonian period was receiving great quantities of
muddy sediments from land somewhere to the east.
These muds were interbedded with layers of sand.
This was due probably to slight elevation of the
land, which permitted active erosion, or to the
reworking of material already deposited. It is
possible that different rates of elevation produced
the changes from “slate” to “shells.”

In the midst of this long-continued deposition of
alternating muds and sands, which the deepest well
shows to be at least 1362 feet thick, the streams
brought to the sea a great quantity of red material,
presumably derived from a deeply oxidized land
area. These shales and sandstones, prevailingly
red in color, which came in toward the close of
the Devonian, have a thickness of over 200 feet, as

| shown by some of the deep wells in this quadran-

gle. They probably represent the so-called Catskill
formation. | ‘ ,

The Catskill beds are not to be considered as
having been formed in a definite division of geo-
logic time. In northern Pennsylvania there
appears to have been a series of oscillations by
which at times ordinary marine conditions
extended far to the east, and then again red sedi-
ments of the Catskill were deposited as far as the
western part of the State. The red beds found in
the Devonian in this quadrangle are supposed to
be the feather edge of beds representing one of
these western advances of the conditions which
existed through so long an epoch in the eastern
part of the State. :

After the deposition of this red material the
conditions which preceded it were repeated and
a succession of sandy sediments was laid down in
the sea. The coarser character of the material was
due to the shallowness of the sea and the frequent
reworkings of the material by the waves, or to the
greater elevation of the land and its more active
erosion.

Carboniferous ’ Period.
POCONO EPOCH.
Since it is not possible to obtain fossils from the
beds which are buried deep below the surface of

the Waynesburg quadrangle and are known here
only by the records of deep wells drilled for oil

and gas, no definite line of separation can be drawn

between the Devonian and the Carboniferous. It
is believed, however, that the mass of sandstone
found in these wells, which has a thickness of 250

~or 300 feet and is known as the Pocono sandstone,
The’

marks the earlier part of Carboniferous time.
water in which these deposits were spread was for
the most part fresh, and the material was derived
from the coarse, washed quartzose sediments which
had been accumulating in the beaches of the Devo-
nian sea.
at the beginning of Carboniferous time may have
been the cause of the rapid delivery of this sand
to the waters of the Appalachian sea. The great
variation in thickness of the formation which is
found between the Allegheny Front and the central
part of the trough of the Appalachian coal field
is due to the varying distance from shore.

The Pocono epoch probably was not long, for
deposition seems to have been very rapid and
accompanied by rapid submergence. Toward the
close of this period the changing conditions of

.deposition produced a calcareous sandstone and

introduced a new epoch. : :

A tilting of the coastal plain to the west
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MAUCH CHUNK EPOCH.

After the close of Pocono time the sea must have
become deeper and clearer, for little or no arenace-
ous sediments were deposited. Probably the sub-
mergence which brought the clear ocean waters
into the regions converted the lower courses of the
rivers into estuaries in which the coarser part of
the land waste was held. The open sea teemed
with marine animals, and by the agency of these
organisms, aided perhaps by chemical precipita-
tion, beds of limestone accumulated to a thickness
of 40 to 80 feet, as represented by the Greenbrier
limestone. The period during which this lime-
stone was deposited was of considerable duration
and was free from crustal movements.

An elevation of the continent sufficient to
quicken erosion and bring the region under discus-
sion within the zone which could receive muddy sed-
iments put an end to the deposition of the Green-
brier limestone. A quantity of mud and sand was
brought into the clear marine waters and sandy shales
were deposited. The red color of these muds sug-
gests that conditions of Catskill time were repeated.
It is supposed that this red material was derived
from a deeply oxidized land area in.which the
material was much like that which to-day prevails
in the southern part of the United States.

These sediments thicken greatly toward the east,
so it is probable that the land area from which they
were derived lay in that direction. The deeply
weathered and oxidized soil was swept from the
shore westward and carried far out to sea, but the
coarser material from the new land area was accu-
mulated in flood-plain and coastal-plain sediments
which, after being reworked, were finally deposited
under the sea in the next epoch.

POTTSVILLE EPOCH.

The beginning of Pottsville time was marked by
the change from deposition of fine oxidized sands
and clays to that of much coarser and fresh sands
and gravels. The Pottsville formation lies uncon-
formably upon the Mauch Chunk shale. This
unconformity is the record of one of the most
interesting periods of Appalachian history, so far
as it is now known. It records a period of eleva-
tion, erosion, and subsequent depression and sedi-
mentation. _

Deep wells in the Waynesburg quadrangle show
that the Pottsville beneath this area is about 150
feet thick and is composed of two sandstones sep-
arated by shale. In the southern anthracite region
the formation is 1200 feet thick and composed of
sandstone and conglomerate with a number of coal
beds, while in Tennessee and Alabama it is more
than 5000 feet thick. (David White, Deposition
of the Appalachian Pottsville: Bull. Geol. Soc.
America, vol. 15, pp. 277.)

Formerly it was supposed that the great differ-
ence in thickness of the Pottsville formation in the
southern anthracite basin and in the bituminous
field of the western part of the State was due to
different amounts of material having been supplied
to the two areas; in other words, that the thin sec-
tions of the western part of the State represent the
same epoch of geplogic time as the thick sections of
the southern anthracite basin. From the work of
Mr. David White on the fossil plants (Fossil floras
of the Pottsville formation in the/southern anthracite
field, Pennsylvania: Twentieth Ann. Rept. U. S.
Geol. Survey, pt. 2, pp. 751-930), it is now known
that in the southeérn anthracite basin sedimentation
was carried on continuously from the close of
Mauch Chunk to the beginning of Allegheny time,
whereas in the western part of the State the close
of the Mauch Chunk epoch was marked by an
uplift which raised the main part of the bituminous
field above sea level and hence no rocks of cor-
responding age were deposited. While the field
was a land area it must have been subjected to
erosion, and probably much of the rock previ-
ously laid down was carried away.

After about two-thirds of the formation had
been laid down in the eastern trough, the land in
northwestern Pennsylvania and Ohio subsided and
deposition was resumed in that part of the province.
The region along the Allegheny Front, extending
westward at least as far as Allegheny River and
south for an unknown distance, remained dry
land. The most important bed deposited in the
newly submerged region is the Sharon con-
glomerate, which is a prominent feature of the
stratigraphy of the Beaver Valley. This bed
seems to be absent toward the interior of the
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basin and is not recognized in the deep wells in
this quadrangle.

After the deposition of the Sharon conglom-
erate and the overlying Sharon coal, the Chestnut
Ridge region was depressed and sedimentation was
extended entirely across the bituminous field. The
Connoquenessing sandstone or Salt sand was depos-
ited in the Waynesburg quadrangle at this time.
Thereafter the sequence of events is the same
throughout the western part of the State, and the
Pottsville formation was completed, after the incur-
sion of a varying amount of muds, by the deposi-
tion of the Homewood sandstone over the entire
area.

In the interval between the deposition of the
Connoquenessing and Homewood sandstones there
was a period during which a portion at least of
this basin was covered with vegetation and the
Mercer coals were laid down. The deep-well
records do not indicate their presence beneath this
quadrangle nor prove their absence.

ALLEGHENY EPOCH.

The deposition of the Homewood sandstone was
succeeded by that of the Allegheny formation. A
geologic history of this epoch based on the records
of wells in this quadrangle would be incomplete
and inaccurate because the drillers give little
thought to this part of the geologic column. Some
general statements regarding events may be made
by inference from the sequence of rocks seen in
adjoining territory. -

As soon as Pottsville submergence ceased the
top of the sand last deposited was covered with a
layer of coal. This indicates comparatively quiet,
level, and perhaps swampy areas. This coal, the
Brookville, if present at all, was now covered with
mud and the Clation coal was laid down. A crustal
submergence of broad extent spread the beach and
flood-plain sands over the coal marsh and formed
the Clarion sandstone. A greater submergence
followed, and as a result the region was farther from
shore. In thi¢ deep water shales were laid down,
and then the Vanport (Ferriferous) limestone, which
carries' a marine fauna. When the shales which
include the limestone were built up to water level a
rank growth of vegetation developed upon the sur-
face and the Lower Kittanning coal was formed.
Whether the formation of coal necessarily means
low, marshy land is not yet definitely concluded.
The Lower Kittanning marsh, if there was a
marsh, included what is now the bituminous
coal fields of Ohio, Pennsylvania, Maryland, West
Virginia, and probably part of Kentucky. Next
followed a slight submergence during which shales
and in some places a Middle Kittanning coal were
deposited. Rapid sinking brought in abundant
sand and filled up the basin, so that another coal,
the Upper Kittanning, covered the surface. Accu-
mulations of sand and shale were brought in rapidly
and somewhat irregularly when the Upper Kittan-
ning coal sank below water level. The submer-
gence was only moderate and was attended by
uplift and increased erosion in the interior. The
local occurrence of the Lower Freeport limestone
in this interval suggests that these were local deep
or quiet places along shore which land detritus did
not reach. ,

The next period of tranquillity, with the basin
well filled, is indicated by the Lower Freeport coal.
The deposition of this bed probably was less regular
in thickness and extent than that of the Lower Kit-
tanning. Variation in amount of submergence and
differences in supply of material following the for-
mation of the Lower Freeport coal are shown by
the deposits which overlie it. These are in some
places shale, and in others sandstone.

A period of quiet succeeded these varying events
and deep-water conditions probably existed. Fine
sediments were deposited, which consist in some
places of limestone, in others of iron carbonate, and
in others of fire clay. The Upper Freeport lime-
stone and the Bolivar fire clay were deposited at
this time.

Then came widespread uniform conditions favor-
able for the growth of vegetation, and the Upper
Freeport coal was formed. The destruction and
burial of this vegetation ended Allegheny time.

CONEMAUGH EPOCH.

The beginning of Conemaugh time is marked by
the accumulation of the sands preserved in the
Mahoning sandstone. The formation of this thick
deposit of sands was brought about by a widespread
submergence which carried the Upper Freeport coal

below the surface and spread the accumulated sands
over the sea bottom. Locally the basin was filled
and thin seams of coal were deposited, while in
other places subsidence continued for a long time,
until the formation reached a thickness of 150 feet
of almost continuous sandstone. In general the
rest of the Conemaugh consists of shales with occa-
sional heavy beds of sandstone. Coal beds, when
present at all, are thin and of small extent. The
Ames limestone, which occurs about the middle of
this formation, marks another incursion of sea
water into this region.

The Morgantown sandstone, which lies above
the Ames limestone, indicates a period of marked
elevation during which the previously accumulated
coastal-plain deposits were transferred into the sea,
and the marine and coastal-marsh deposits which
had been formed in the time just passed were
buried. A series of red shales frequently over-
lies the Morgantown sandstone and seems to record
a period in which a large part of the land lay near
base-level. The waste from this deeply oxidized
land surface was mostly fine, and filled the sea
with mud until another seaward tilting carried in
sands and gravels and spread them over the finer
deposits. The Connellsville sandstone was depos-
ited during this tilting. There followed a period
of submergence and quiet conditions, during which
little sand and no gravel passed the shore line.
Fine sands alternated with clays and limy muds.
Slow sedimentation continued until finally the
bottom of the greater part of the basin was brought
near water level and the Conemaugh epoch ended.

MONONGAHELA EPOCH.

The Pittsburg coal at the base of the Monon-
gahela formation is the lowest rock exposed in the
Waynesburg quadrangle. The geologic history
after the deposition of the Pittsburg coal can be
inferred from the rocks seen within this area.

At the close of Conemaugh time the Appa-
lachian basin was a level area. Remarkable uni-
formity in conditions and long duration of rank
vegetable growth resulted in the formation of the
Pittsburg coal over this broad, level area. Such
changes as took place—for example, the interrup-
tion of the deposition of carbonaceous material by
an influx of mud—Ilikewise ‘extended over wide
areas. A widespread submergence put an end to
the vegetable growth arfd covered the Pittsburg
coal with shale. An elevation of the land areas
brought in material to form the Pittsburg sand-
stone, but the water soon became clear enough for
limestone to form. The limestone is thin and is
overlain by Redstone coal.

After .the growth and deposition of the Red-
stone coal vegetation the land sunk, more lime-
stone was deposited, and mud and sand filled up
the basin and formed the surface on which the
Sewickley vegetation grew. Again there was sub-
mergence and for a long time limestone, with a
few shales, was deposited, until a thickness of
150 feet had accumulated. Immediately on top of
this limestone lies the Uniontown coal.. It seems
unnecessary to assume very deep water conditions
for the accumulation of this lime. The freedom
from admixture with land waste suggests that the
area in which it was formed was some distance
from shore, or that base-level conditions had been
reached on shore and very little detritus was being
brought to the basin.

After the deposition of the Uniontown coal there
was further submergence and shale and sandstone
were laid down. Then the water cleared, possibly
becoming deeper, and the Waynesburg limestone
was formed. After the deposition of more shale
the waters became shallow and conditions favored
the growth of another covering of vegetation. In
this shallow water the Waynesburg coal was depos-
ited. The final interruption of vegetable growth
and burial of this swampy area ended Mononga-
hela time. B

DUNKARD EPOCH.

The crustal movement which submerged the
Waynesburg coal was slight at first and discharged
only fine sediments into the basin. After the coal
had been buried by several feet of mud, the sub-
mergence became more marked and a considerable
quantity of sand, which had accumulated on the
coastal plain, was washed off shore and spread over
the bottom of the basin. The Waynesburg sand-
stone dates from this time. Toward the top it
becomes shaly and is overlain by the Waynesburg
“A” coal, showing that the basin had filled again

until a surface was formed on which vegetation
could develop.

The formation of the Waynesburg “A” coal was
interrupted by a gentle submergence which made
the waters muddy and deposited a few feet of shale.
When the waters became clear limestone formed,
but frequent tilting and elevation or depression of
the surface characterize this period. Thin coal
beds, local in extent, were formed, only to be sub-
merged and buried after a short period. :

The Upper Washington limestone, which is abou
400 feet above the Waynesburg coal, marks a time
when the water in the basin was clear. This lime-
stone has been found only in part of the Waynes-
burg quadrangle and is limited in extent. Above
it there are several hundred feet of rocks which
are mostly sandstone and shale, but which contain
occasional thin limestones and coals. Sedimen-
tation probably continued until the Appalachian
gulf was finally filled. This ended the Paleozoic
sedimentary record in this part of the world.

APPALACHIAN REVOLUTION

Since the deposition of the Paleozoic beds here
mentioned the region has been subjected to crustal
movements which produced great folds in the
rocks. These movements were induced by com-
pressive strains. The strain was most severe along
the eastern side of the Greater Appalachian Valley,
and the rocks were not only thrown into great folds

-but the pressure was so great that cleavage was

induced and in many cases the rocks were com-
pletely metamorphosed. Westward from this zone
to the Allegheny Front the strain was less severe
and’ the folds were of smaller magnitude. In a
measure the Appalachian coal basin seems to have
acted as a bulwark against which the rocks were

‘crushed. The folding continued, however, across

the basin, but with greatly decreased effect. Some
of these low folds are seen in the anticlines and
synclines of the Waynesburg quadrangle.

MESOZOIC ERA.

The Appalachian region has been a land area
during all of Mesozoic and Cenozoic time. It
received no sediment, but was subjected to uplift,
folding, and erosion. The final result of the fold-
ing is shown in the present geologic structure.
The uplift and erosion are evidenced only by the
topographic forms. So much erosion has taken
place, however, since the close of the Mesozoic era

‘that it is doubtful whether any of the surface forms

produced at that time are still recognizable. There
are topographic forms in this region which seem to
bear some traces of the Mesozoic surface, and which
suggest the more important geologic changes that
have occurred. The oldest topographic record is
supposed to be represented by the even-crested
ridges of the central part of the State and by the
anticlinal ridges in the bituminous coal field. It is
thought that the summits of the ridges once formed
part of the surface of an extended peneplain which
was produced by subaerial erosion during Creta-
ceous time. The peneplanation is supposed to
have been so extensive as to reduce almost all of
the surface to a fairly common level regardless of
the character of the underlying rocks. Such a
cycle of erosion demands an extremely long period
of time, and it is probable that its formation occu-
pied much of the Cretaceous period. From its
extensive development in the highlands of north-
ern New Jersey it has been named by Davis the
Schooley peneplain.

After its formation, during which the land was
brought down to near sea level, the gently undu-
lating surface was elevated and the streams at once
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